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EFFECT OF CONCENTRATION A:r-.i"TI TEMPERATURE ON GERMI-
CIDAL EFFICIENCY OF SODIUM HYDROXIDE• 
By MAX LEVINE, J. H. BUCHANAN and GRACE LEASE 
From the laboratones of Chemtstry and of Bacteriology, Iowa State College 
Received for publication May 15, 1927 
Mechanical washing of bottles is being universally adopted in the 
beverage and milk industries. Numerous washing compounds are now avail-
able on the market for use in conjunction with these washing machines, 
but there is a dearth of information as to their · relative efficiencies either 
as cleansing agents or germicides. These washing compounds consist of 
caustic soda, sodium carbonate, trisodium phosphate, sodium silicate or 
various mixtures of these alkalies. The mixtures most commonly encoun-
tered consist of caustic soda as a base to which are added various quantities 
of sodium carbonate or trisodium phosphate. 
The sanitary regulations of many states and cities specify the concentra-
tration of alkali to be employed calculated on the basis of sodium hydroxide 
as determined by titration with acid. The question at once arises whether 
a sodium carbonate or phosphate solution which titrates 2% alkali, cal-
culated as sodium hydroxide, is as efficient as 2% caustic soda. What is 
the effect of temperature on the germicidal properties of alkalies, and how 
is the disinfecting power of caustic soda affected by the additions of the 
carbonates and phosphates? Such information is essential for the proper 
and efficient regulation of bottle cleansing and sterilization. 
In this paper are recorded some observations on the effects of con-
centration and temperature on the germicidal efficiency of sodium hydro-
xide. Additional reports will deal with other alkalies, the effect of addition 
of various salts on the disinfecting powers of sodium hydroxide, and the 
·influence of H+ ion concentration. 
Sodium hydroxide was employed as a basis for comparison in these 
studies because it constitutes the foundation of most of what are generally 
considered the better washing compounds on the market. As the concen-
trations of alkali and temperatures generally recommended for mechanical 
washing are quite high, a resistant organism was selected for <)omparative 
studies. A technique had to be developed which would permit of rapid 
cooling and neutralization of the alkali, conform in a general way to con-
ditions encountered in washing machines, and not introduce too great an 
error in bacterial counts. 
Characteristics of organism employed. The organism employed was 
isolated from a sample of spoiled ginger ale. It was a gram positive rod 
(about 1.0µ by 2.0 to 4.0µ), facultative, motile, with central spores equal 
to or slightly less than the diameter of the cells. The vegetative cells oc-
curred singly, in pairs, and occasionally in short chain8. Gelatin was lique-
fied, milk slowly curdled (rennet), and peptonized, nitrates were reduced 
* The work here reported was made possible through a grant from the American 
Bottlers of Carbonated Beverages. 
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to nitrites but not gas, and indol was formed. Acid was formed from glu-
cose but not from lactose nor sucrose and starch was hydrolyzed. Colonies 
on agar were strikingly similar to those of B. subtilis. 
The organism resembles Bacillus laterosporus and B. ruminatus as 
described by Bergey. It differs from the former in that nitrates are re-
duced to nitrites and starch is hydrolized, and it deviates from the latter 
in reducing nitrates, but failing to ferment sucrose. 
The organism grew very rapidly on nutrient agar, forming distinct 
but not too large colonies in 2 days and as there was very little tendency 
of the colonies to confluence the culture was well adapted for plate counts. 
Preparation of test cttlture sttspension. A 24 hour broth culture was 
smeared over the surfaces of nutrient agar (Difeo) in 9 Kolle flasks and 
incubated at 25-27°C. for 19 days after which period practically all of the 
organisms appeared to be in the spore stage. The surface growth was then 
scraped off into a sterile evaporating dish and dried over sulfuric acid in 
a partial vacuum. The dried mass was then ground to a fine powder in 
an agate mortar and thoroughly mixed with sterile powdered cane sugar. 
The mixture was placed in a sterile weighing bottle and kei)t in a dessicator 
over sulfuric acid. From time to time small quantities of the spore sugar 
mixture were removed and the number of viable organisms per unit weight 
ascertained. 
Technique of disinfection tests. Approximately 0.02 to 0.05 gram of 
the bacterial suspension was placed in 10 cc. of sterile tap water and after 
thorough shaking the suspension was :filtered through a fine grade of filter 
paper to remove clumps. The apparently homogeneous :filtrate constituted 
the bacterial suspension employed for disinfection. 
The test alkali (100 cc.) was placed in a 200 cc. round-bottom Woulff 
bottle, provided with three necks or openings. A glass stirrer was inserted 
through a stopper in the middle neck; the other openings were stoppered 
with cotton and the entire apparatus sterilized in the autoclave at 120°C 
for 15 to 20 minutes. After cooling, the flask containing the alkali was 
placed in a DeKhotinsky water bath and the stirrer set in motion, taking 
care that no bubbles or foaming developed. 
When the alkali attained and remained at the desired temperature, 
1.0 cc. of the bacterial suspension was introduced under the surface of the 
liquid by means of a capillary pipette. At desired time intervals, 5.0 cc. 
portions of the thoroughly stirred mixture were removed and inoculated 
into Erlenmeyer flasks containing 45 cc. of sulfuric acid (with methyl 
orange indicator) of a strength just sufficient to neutralize the alkali added. 
The effects of alkali and temperature were thus simultaneously stopped. 
The number of surviving bacteria was then determined by plating on 
nutrient agar. (To reduce variations introduced by using different batches 
of culture media, a single bacth of Difeo dehydrated nutrient agar was 
employed for all the experiments). All bacterial counts were calculated 
on the basis of 5.0 cc. of disinfecting mixture. It was aimed to employ 
a suspension giving an initial count of about 1,000,000 per unit volume 
(5.0 cc.). 
1. Effect of Concentration of Sodium Hydroxide on Killing Time at 50°C 
Concentrations of 0.5N, 0.75N, 1.0N and 1.25N sodium hydroxide were 
employed at 50°C. With the technique employed, each colony developing 
on nutrient agar to which had been added 1.0 cc. of the cooled and neutral-
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ized alkali from the Erlenmeyer flask was equivalent to 50 bacteria per 
unit disinfecting volume (5.0 cc.). It is generally conceded that bacterial 
counts based on less than 15 to 20 colonies per plate are subject to con-
siderable error and are therefore unreliable so that bacterial counts of less 
than 700 to 1,000 could not be depended upon. With an initial count of 
1,000,000 reductions up to about 99.9% can be readily and reliably ascer-
tained, but estimates of further reductions are subject to considerable error 
due to the small number of colonies developing per plate. In this study 
comparisons are based on the time required for effecting a reduction of 
99.9% of the exposed organisms. 
a. Experiments with 0.5 Normal Sodium Hydroxide.-In Fig. 1 four 
of the individual experiments showing the extreme variations are plotted 
and in Fig. 10 the average for the ten series of 0.5N. sodium hydroxide at 
50°C. is shown. In order to facilitate comparisons, the logarithins of the 
per cent surviving bacteria are plotted against the time, thus giving a com-
mon initial point for all curves. In Table I are shown the numbers of 
surviving bacteria, as well as the average per cent survivors and their 
logarithms. 
It will be observed from Table I that although determinations were 
made on different occasions between April 6 and September 3, the killing 
time for 99.9% of the exposed organisms was quite constant, namely 38 to 
42 minutes in nine of the ten experiments. 
The similarity in the course of disinfection in each of the experiments 
is very striking. From the curves in Fig. 1 it will be seen about 40% of 
the bacteria were killed in the first ten minutes, the rate of death per cell 
was slightly greater during the next ten minutes, but thereafter the rate 
increased progressively with time. Thus, of the number of organisins pres-
ent at the beginning of each interval, approximately 47% were killed dur-
382 lCAX LEVINE, J. H. BUCHANAN AND GRACE LEASE 
ing the first, 45% in the second, 76% in the third and 96% in tne fourth 
10 minute period. 
TABLE I 
SHOWING SURVIVING BACTERIA IN 0.5N SODIUM HYDROXIDE AT 50°C. 
Expt.No. I 27 I 35 I 49 I 55 I 74 I 78 Date, 1926 4/6 4/8 5/22 5/27 7/29 8/4 
Time in Minutes Surviving Bacteria in 5.0 c.c. 
0 
I 
913,000 1,010,000 572,000 900,000 645,000 1,100,000 
10 540,000 580,000 
--
990,000 360,000 403,000 
15 -- --
--
-- 324,000 378,000 
20 308,000 263,000 
--
365,000 227,000 326,000 
25 187,000 145,000 -- 155,000 198,000 189,000 
30 40,000 90,500 33,600 90,500 148,000 81,500 
35 6,100 17,700 12,400 20,800 49,000 10,900 
40 2,700 900 2,700 1,900 11,000 1,700 
45 480 < 100 -- 350 3,100 200 
50 < xlOO j 0 . -- 0 500 0 
55 to 0 -- 0 < 100 0 
~:£e~·1~~6 I :1~ I 8~~2 I 8~~3 l ~~~ S~~:!rs 1$0!r!;~~ 
---'--o---;--94- 3-,0-o-o-'.--696,ooo ·\--gn,ooo ·-.,,.98""5,-,o""'o""o-:-__,.10""'0,...o,__--;--2-.0-0-0-
10 438,000 327,000 518,000 357,000 55.8 1.748 
15 343,000 255,000 399,000 263,000 37.8 1.578 
20 315;000 201,000 I 255,ooo 201,000 30.5 1.486 
25 161,000 148,000 144,000 151,000 18.7 1.274 
30 90,000 41,300 I 22,300 10,000 8.44 o.927 
35 16,300 4, 700 1,800 -- 2.09 0.322 
40 3,200 < lOOOg I < 100 2,580 0.36 l.557 
45 < 100 0 200 
50 0 0 0 
55 0 0 0 
:x Less than 4 colonies on two plates. 
t A recorded count of (0) indicates merely that no colonies developed on plates and 
not necessarily complete disinfection. 
b. Experiments with 0.75 Normal Sodium Hydroxide at 50°0.-The 
results obtained in five experiments using 0.75N sodium hydroxide at 50°C. 
are given in Table II and shown graphically in Fig. 2. In experiments 
Nos. 2 and 5 of this series the technique was slightly different from that 
described above in that the alkali (5 cc. portions) was kept in test tubes 
to each of which was added the desired quantity of bacterial suspension 
and at the times specified the contents of the tubes were poured in to 45 cc. 
of a neutralizing acid solution. This technique which was employed in the 
first nine experiments was discarded as unsatisfactory in favor of that 
described at the beginning of this paper, but the few experiments performed 
are included for completeness. The types of disinfection curves obtained 
with the two techniques were the same but difficulties were encountered 
in the test tube series in the process of inoculation. 
In general the results are similar to those obtained with the 0.5N alkali. 
The killing time varied from 18.5 minutes to 21.5 minutes, with an average 
(see Fig. 10) of 19.8 minutes. The course of disinfection in the individual 
experiments was similar, the rates of death per cell progressively increasing 
with time. The curve representing the average course of disinfection shows 
·~ ~ ~ 
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that about 41 % of the exposed bacteria were killed in the first six minutes; 
of those remaining 55% died in the second six minute interval, and approxi-
mately 94% of the survivors succumbed in the third six minute period_ 
TABLE II 
SHOWING SURVIVING BACTERIA IN 0.75N SODIUM HYDROXIDE AT 50°C. 
Expt.No. 2 5 I 28 I 45 I 53 Date, 1926 2/ 5 2/ 12 4/ 6 5/ 22 5/27 Av.% Log Av.% 
Time in Min. Surviving Bacteria in 5.0 c.c. Survivors Survivors 
0 I 671,000 1,750,000 913,000 1572,000 900,000 100.0 2.000 
2 632,000 --
3 - - 1,032,000 950,000 -- 563,000 75.7 1.800 
4 625,000 -- 1 
-- --
6 355,000 785,000 652,000 -- 530,000 54.5 1.738 
8 315,000 -- -- --
9 -- 687,000 580,000 
--
380,000 45.8 1.662 
10 304,000 -- -- --
11 
--
588,000 -- -- --
12 273,000 313,000 104,000 178,000 28.2 1.435 
13 
-- 378,000 -- -- --
14 168,000 145,000 
-- --
15 
--
276,000 
- -
44,800 92,000 12.7 -1.104 
16 72,000 50,300 
-- --
17 I -- 178,000 ~ -- - - 1 - -
18 3,200 6,670 7,400 20,000 1.38 0.140 
19 
--
14,400 
-- -- --
20 
-- ! 125 -- --21 
-- < 100 4,200 
24 -- -- < 100 
c. Experiments with 1.0N Sodium Hydroxide at 50°0.-The results 
obtained in four experiments employing 1.0N sodium hydroxide at 50°C. 
• 
• 
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are given in Table III and shown graphically in Fig. 3. Here it is again 
observed that the proportion of exposed bacteria killed increased pro-
gressively with time. About 37. % were killed during the first four minutes, 
54% of the survivors died during the next four minutes, and of those that 
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SHOWING SURVIVING BACTERIA IN I.ON SODIUM HYDROXIDE AT 50°0. 
E:xpt.No. I Date, 1926 
Time in Minutes 
0 
2 
4 
6 
8 
10 
12 
14 
3 I 8 9 2/5 2/ 18 2/ 18 
Surviving Baeteria in 5.0 e.e. 
677,ooo j 1,250,000 ! 1,080,000 
680,000 565,000 665,000 
585,000 495,000 545,000 
375,000 I 476,000 565,000 
144,000 357,000 276,000 
11,100 177,000 88,500 
1,200 9,700 I 
2,000 
6,200 . 
10 
2/19 
685,000 
553,000 
512,000 
376,000 
271,000 
93,500 
4,950 
< 100 
Av. % I Log Av. % 
Survivors Survivors 
100.0 2.000 
72.l 1.859 
62.8 1.798 
50.2 1.702 
28.8 1.460 
9.1 0.960 
-0.56 1.749 
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TABLE IV 
SHOWING SURVIVING BACTERIA IN l.25N SODIUM HYDROXIDE AT 50°0. 
Expt.No. 
Date, 1926 
Time in Minutes 
-~ t 
~ 
~1.0 
0 
2 
3 
4 
5 
6 
7 
8 
9 
I 7 24 2/12 4/3 
Surviving Bacteria in 5.0 c.c. 
1,750,000 
1,330,000 
972,000 
865,000 
580,000 
325,000 
100,000 
6,000 
< 100 
1,005,000 
490,000 
270,000 
220,000 
185,000 
76,100 
12,200 
1,800 
Average% Log Average 
Survivors % Survivors 
100.0 2.000 
62.4 1.796 
41.2 1.615 
35.7 1.554 
25.8 1.412 
13.1 1.118 
3.45 0.539 
-0.26 1.416 
o-----o 
x------·lC ~ 
2.o--~~~~~~~~~~~~~~~~-- ~ 
0 .3 6 8 12 ~ 
Time 1n · Hinu'l-el5 
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remained after eight minutes over 98% succumbed in the next four minute 
period of exposure. 
The killing time for 99.9% of the bacteria varied from 12.1 to 12.6 
minutes with an average of 12.4 minutes. 
d. Experiments with 1.25N Sodium Hydroxide at 50°0.-Two experi-
ments were run with l.25N sodium hydroxide at 50°C. The results are 
given in Table IV and shown graphically in Fig. 4. The two curves are 
almost parallel and again show an increasing death rate as the period of 
exposure progresses. The time for effecting a reduction of 99.9% was 8 
to 8.4 minutes or an average of 8.2 minutes. 
2. E1fect of Concentration of Sodium Hydroxide on Killing Time at 60°C 
Concentrations of 0.25N, 0.5N and 0.75N sodium hydroxide were em-
ployed to ascertain the killing time at 60°C. In Table V and Fig. 5 are 
given the results for :five experiments using 0.25N alkali. The killing time 
(99.9%) varied from 42.6 minutes to 50.2, the composite curve for all the 
experiments (Fig. 11) showing an average of 46.8 minutes. 
The results obtained in 5 runs using 0.5N sodium hydroxide at 60°C. 
are given in Table VI and shown graphically in Fig. 6. The killing time 
varied from 10.4 minutes to 12.3 minutes with an average (Fig. 11) of 
11.7 minutes. 
Three runs were made with 0.75N caustic soda at 60°C. The results 
are shown in Table VII and Fig. 7. The disinfection times (99.9%) were 
5.0, 5.15 and 6.15 minutes. 
In all of the experiments at 60°C. increasing rates of death per cell 
as the period of exposure progressed were clearly evident. In this respect 
the results were similar to those observed at 50°C. 
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TABLE V 
SHOWING SURVIVING BACTERIA IN 0.25N SODIUM HYDROXIDE AT 60°0. 
0 959,000 1,036,000 1,030,000 
5 818,000 
10 508,000 627,000 340,000 
15 413,999 298,000 
18 370,000 
20 
--
365,000 270,000 
21 408,000 I 24 308,000 
25 -- 240,000 I 187,000 
27 246,000 
30 172,000 132,000 / 131,000 
33 148,000 
35 -- 530,000 28,000 
36 77,300 
39 55,300 
40 -- 15,600 4,300 
:~.5 I 41,500 
1 
___ 1 __ _ 
44 12,700 I ---
45 
1 
_ 1 2,680 I 375 l ~b.5 3,900 350 ---
1,100,000 
469,000 
394,000 
275,000 
173,000 
94,500 
27,700 
5,630 
1,450 l 
126 I I 8131 Av.% LogAv.% 
Survivors Survivors 
1,020,000 
403,000 
341,000 
139,000 
130,000 
117,000 
70,500 
4,750 
980 I 
125 I 
100.0 2.000 
45.8 1.662 
36.7 1.566 
28.0 1.448 
20.5 1.312 
12.7 1.04 
5.46 0.738 
1.52 0.183 
0.30 l "1:4 78 
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TABLE VI 
SHOWING SURVIVING BACTERIA IN 0.5N SODIUM HYDROXIDE AT 60°0. 
Expt.No. 
Date, 1926 
Time in Min. 
0 
2 
4 
6 
8 
10 
11 
12 
14 
13 
2/26 
973,000 
365,000 
--
106,000 
12,900 
I 1,650 I 
1-- 1 
I 200 I 
I o I 
15 41 411 I 3/6 4/ 12 4/15 
Surviving Bacteria in 5.0 c.c. 
1,036,000 
845,000 
495,000 
262,000 
82,500 
15,900 I 
1,050 I < 100 
1,050,000 881,000 
813,000 558,000 
675,000 246,000 
288,000 92,500 
82,500 32,300 
17,800 I 9.400 I 
800 I 1,700 I 
o 150 I 
104 
8/19 
653,000 
343,000 
129,000 
48,000 
12,900 
2,050 I 
825 1 
125 1 
01 
Av.% I Log Av.% 
Survivors Survivors 
100.0 
62.5 
35.8 
16.3 
4.56 
0.84 
0.08 
2.000 
1.7!;!6 
1.555 
1.213 
0.660 
-1.925 
2.904 
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T.ABLE VII 
SHOWING SURVIVING BACTERIA IN 0.75N SODIUM HYDROXIDE AT 60°0. 
Expt. No. 12 16 17 
Date, 1926 2/26 3/6 3/6 Average% Log Av.% 
Time in Min. Surviving Bacteria in 5.0 c.c. Survivors Survivors 
0 973,000 1,036,000 1,036,000 100.0 2.000 
2 528,000 450,000 525,000 49.2 1.692 
4 122,000 28,600 24,100 5.86 0.768 
5 17,600 1,800 850 0.69 I.840 
6 1,950 < 100 < 100 0.07 -2:846 
7 < 100 
3. Effect of Concentration of Sodium Hydroxide on Killing Time at 70°0. 
Concentrations of 0.1215N and 0.25N sodium hydroxide were employed 
at 70°C. The results for three experiments with the higher concentration 
and one with the lower are shown in Tables VIII and IX and Figs. 8 and 9. 
The killing times for 99.9% of the exposed bacteria were 10.7 and 37.2 
minutes for the 0.25N and 0.1215N alkalies, respectively. The increasing 
/0 
Time 1n /"1inuf-e3 
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death rates per eell with increased time of exposure, which were observed 
in the 50°0. and 60°0. series, were also observed in the 70°0. experiments. 
TABLE VIII 
SHOWING SURVIVING BACTERIA IN 0.25N SODIUM HYDROXIDE AT 70°0. 
Expt.No. 
Date, 1926 
Time in Min. 
0 
2 
4 
6 
7 
8 
9 
10 
11 
12 
13 
II 
23 36 39 
3/ 23 4/10 4/12 
Surviving Bacteria in 5.0 c.c. 
750,000 
480,000 
187,000 
15,200 
- - -
II 2,080 
< 100 
1,590,000 
883,000 
400,000 
184,000 
93,500 
46,300 
24,300 
6,730 
1,400 
325 
I 
1,050,000 
733,000 
455,000 
190,000 
98,000 
67,000 
34,500 
12,200 
4,080 
1,230 
175 
Average% 
Survivors 
100.0 
63.1 
31.1 
10.6 
--
3.2 
--
0.53 
0.24 
I 
I 
Log Av.% 
Survivors 
2.000 
1.801 
1.494 
1.026 
- -
0.560 
--
-1.725 
T.382 
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TABLE IX 
SHOWING SURVIVING BACTERIA IN 0.1215N SODIUM HYDROXIDE AT 70°(), 
Time Surviving Bacteria 
Minutes in 5.0 c.c. % Survivors Log % Survivors 
0 1,110,000 100.0 2.000 
3 1,130,000 101.0 2.004 
6 663,000 59.9 1.777 
9 570,000 51.5 1.712 
12 463,000 41.7 1.620 
15 248,000 22.3 1.340 
18 120,000 10.8 1.033 
21 87,800 8.9 0.949 
24 76,500 6.9 0.839 
27 40,500 3.62 0.559 
30 13,600 1.23 0.900 
33 5,050 0.45 I.653 
36 1,480 0.13 I.114 
39 550 
Discussion 
The results obtained with various concentrations of sodium hydroxide 
at 50°, 60° and 70°C. indicate clearly that the velocity coefficients of the 
rates of death were not constant during the course of an experiment, but 
that they increased with the time of exposure. 
TABLE X 
SHOWING RELATION OF TIME OF EXPOSURE TO RATE OF DEATH OF 
BACTERIA BY SODIUM HYDROXIDE AT 50° TO 70°C. 
Elapsed Time 
in Minutes 
0 
10 
20 
30 
35 
40 
0.1215N NaOH at 
70°C. 
Log% 
Survivors 
2.000 
1.662 
1.088 
0.150 
1.413 
I K 
1 .0338 
.0574 
J .0938 
J .1474 J 
I I 
0.25N NaOH at 
60°C. 
0.5N Na.OH at 
50°C. 
Log % 
Survivors 
2.000 
1.738 
1.475 
1.050 
0.688 
0.188 
K 
Log% 
Survivors 
2.000 
K 
.0262 1.770 .0230 
.0263 1.475 .0295 
.0425 0.900 .0575 
J .0124 J o.375 J .1050 
J .1000 _~I __ l._5_3_8 _ ~1 _.1_67_4_ 
This is very well shown in Table X where the velocity coefficient of the 
death rate, "K," is calculated from the formula for logarithmic death 
rates (K = ~ log : 1 ) • employing the lowest concentrations of alkali at 
2 
the three temperatures studied. The values for "K" progressively in-
creased until during the last 5 minutes of exposure they were from 4 to 7 
times as great as the observed values during the first ten minutes. The 
hope of employing velocity constants for computing the effects of concen-
tration and temperature on the germicidal efficiency of sodium hydroxide 
therefore had to be abandoned. 
* B1 & B, a.re the numbers of surviving bacteria at the beginning and end respective· 
ly, of time ''t.'' 
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In Fig. 10 are plotted the logarithms of the average per cent surviving 
bacteria for all experiments at 50°C. against time. These included ten 
experiments with 0.5N, five runs with 0.75N, four series using 1.0N and 
two observations employing l.25N sodium hydroxide. The points fall upon 
smooth curves with increasing slopes. The abscissae of the points of inter-
section of these curves with the ordinate i.OOO represent the killing time 
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of 99.9% of the exposed bacteria. For the series in question the killing 
times were as follows: 0.5N, 41.7 minutes; 0.75N, lV.8 minutes; l.ON, 
12.4 minutes; and 1.25N, 8.2 minutes. 
In Fig. 12 these killing times are plotted against the corresponding 
concentrations of sodium hydroxide. The points describe a smooth curve 
from which may be ascertained the time required for effecting a reduction 
of 99.9% at 50°C. with any concentrations of sodium hydroxide between 
two and six per cent. By extrapolation the curve may be extended to in-
clude a wider range of caustic alkali. 
The results of the experiments at 60°C. were treated in a manner an-
alogous to that. described for the 50°C. series. As shown in Figs. 11 and 
O'--~~~~-'-~~~~~---~~~~-'-~~~~~..__~~~-o 
0 10 ZO .!JO 40 ~ 
7/'rne in M1nv-l"e.::1 ro H /11 99.9 Percen-t- or Boc-t-eria 
12 the 60°C. observations included five runs with 0.25N, five experiments 
with 0.5N and three series using 0.75N sodium hydroxide. The 99.9% 
killing times were 46.8, 11.7 and 5.7 minutes, respectively. 
The observations at 70°C. consisted of only one experiment with 
0.1215N and three experiments with 0.25N sodium hydroxide, and these 
showed killing times of 37.4 and 10.7 minutes, respectively. (See Fig. 9). 
The number of observations is insufficient to permit construction of a de-
pendable curve showing the relation of killing time to concentration of 
alkali at 70°C. On the basis of the two observed points and the 60° and 50° 
results a tentative curve for 70°C. is included in Fig. 12. 
The effect of change in concentration of alkali or change in tempera-
ture on the killing time may be readily ascertained from the curves in Fig. 
12. 
SUMMARY 
1. A technique is described for measuring the relative germicidal effici-
encies of strong alkalies. 
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2. Sodium hydroxide in concentrations of 0.1215N and 0.25N was studied 
at 70"C., 0.25N to 0.75N at 60°C., and 0.5N to 1.25N at 50°C., and were 
found to give concordant results on different days. 
3. The velocity coefficients of the rates of death of the exposed bacteria 
were not constant during the course of an experiment, but on the con-
trary, progressively increased with the time of exposure. 
4. The death or killing time of 99.9% of the exposed bacteria is considered 
a suitable, determinable, and desirable criterion of the relative germ-
icidal efficiency of the alkali solutions studied. 
5. Curves are presented showing the relation of concentration of sodium 
hydroxide and temperature of exposure to killing time. 
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The mechanism of nitrogen fixation by bacteria is a problem yet to 
be solved. Synthetic solutions containing a suitable carbohydrate but no 
combined nitrogen soon accumulate measurable quantities of combined 
nitrogen after being inoculated with certain bacteria. It is commonly as-
sumed that the carbohydrates supply a source of energy to the organism, 
enabling it to utilize the nitrogen of the air in some way not yet understood. 
Chemical analyses of cultures of nitrogen-fixing bacteria grown in a 
nitrogen-free, synthetic medium should indicate the compounds of nitrogen 
produced in their metabolism. Such analyses made on cultures at different 
periods of growth may indicate the trend of synthesis by demonstrating 
successive steps, or there may be no accumulation of intermediate products 
at any time and thus present a riddle comparable to that of photosynthesis. 
Historical 
Stoklasa, Ernest, Stranak, and Vitek (21) showed that traces of certain 
nitrogen compounds stimulate the growth of Azotobacter cultures, but 
larger quantities reduce the amount of fixation and may themselves be 
changed. They demonstrated that these organisms do not lose the power 
to utilize atmospheric nitrogen by cultivation on nitrogen-containing media. 
That legume bacteria do not lose their power to form nodules through 
cultivation on a nitrogen-containing medium has been shown by Burrill 
and Hansen (3). Golding (6) found that the fixation of nitrogen ceases 
unless the resulting compound is removed as in the plant. Hills (9) demon-
strated that Azotobacter behaved differently toward different nitrates. 
Potassium nitrate and sodium nitrate increased the amount of nitrogen 
fixed in agar film cultures, whereas, calcium nitrate in the same concen-
tration decreased the amount. 
If the legume bacteria in the root nodule fix atmospheric nitrogen mere-
ly to supply their own needs, it would seem logical to conclude that (1) 
the first products formed are simple, soluble compounds for which the 
leguminous plant and the bacteria compete, or (2) the plant secretes an 
enzyme which decomposes the bacterial cell, thus making the nitrogen avail-
able, or (3) autolysis of the bacterial cell supplies the host plant with solu-
ble nitrogenous compounds. 
That the first explanation is the most probable is suggested by the 
following references. Whiting and Schoonover (24) have shown that 26 
days after planting inoculated cowpea seedlings in purified nitrogen-free 
sand, the nitrogen fixed was three times that contained in the seeds planted. 
1 A dissertation submitted in partial fulfillment of the requirements for the Degree 
of Doctor of Philosophy, Iowa State College. 
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They maintain that the fixation of nitrogen in cowpea seedlings is closely 
associated with the supply of available carbohydrates within the plant. 
Since the bacteria on entering the root hairs find favorable conditions for 
growth, it does not seem possible that within so short a time digestion of 
the bacterial cell could take place through the action of enzymes secreted 
by the leguminous plant or the bacteria themselves, so as to supply soluble 
cleavage products of the protoplasmic protein. Lipman (16) explains, how-
ever, that "the organisms that find their way into the legume roots mul-
tiply there rapidly and increase to enormous numbers. The small rod-
shaped forms are rather abundant in the young tubercles, but as the latter 
grow older, the larger irregular forms-the bacteroids--become more and 
more numerous. Later still, the bacteroids are dissolved and absorbed by 
the host plant.'' Golding ( 6) concluded that plant enzymes do not play 
an important part in the assimilation of nitrogen and that one of the func-
tions of the host plant is the removal of soluble products of growth. 
Neither is it probable that autolysis could account for the formation of 
soluple nitrogen because cultures of Rhizobium leguminosarum and Azoto-
bacter retain their vitality for years when grown on a suitable medium. 
It is generally assumed that bacteria gain entrance to the root hair by secret-
ing an enzyme that dissolves the cell wall. The nature of this enzyme, how-
ever, has never been determined. Pierce (19) states, "the tubercle bacteria 
enter and infect a root hair by softening or dissolving a small portion of 
the wall and moving or growing through this. There is no evidence that 
they usually enter through broken root hairs, etc.". Under these condi-
tions, the bacteria within the nodules would fix nitrogen in a soluble form. 
The affinity of the host plant for this nitrogen would be so great that there 
would be an actual competition between the bacteria and the plant. The 
bacteria would then retain only enough nitrogen to build up their cells and 
there would be no accumulation of nitrogen within the nodule other than 
that stored up in the bodies of the bacteria. If this condition actually ob-
tains, sterile plants growing in a synthetic medium containing an abundance 
of suitable carbohydrate for bacterial growth, would not readily form no-
dules when the medium was inoculated with nodule-forming bacteria, be-
cause the bacteria would find more favorable conditions for growth in the 
medium than within the plant cells, and the plants would show all the 
benefits of inoculation. Joshi (13) obtained increased growth of plants 
where the bacteria were confined within porous cylinders; non-leguminous 
plants were greatly benefited by inoculation with legume bacteria and 
Azotobacte1·. 
Theories Concerning the Mechanism of Nitrogen Fixation. Theories of 
the mechanism and chemical reactions in the fixation of atmospheric nitro-
gen by bacteria are at variance. That the various hypotheses are plausible 
is evidenced by the fact that nitrogen fixation is actually effected on a 
commercial scale according to these theories. The conditions for nitrogen 
fixation require that the inert nitrogen of the atmosphere become reactive. 
This molecular change requires energy. Linhart (15) estimates that only 
one percent of the total available energy is used by Azotobacter for the 
fixation of nitrogen in a mannitol medium. 
Gautier and Drouin ( 4) believed that the organisms oxidized free 
nitrocren to nitrous and nitric acid, which were subsequently reduced to 
an a~monium compound and further changed to other nitrogenous com-
pounds. Support of this theory is offered in the fact that Stoklasa (20) 
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found nitrates in the nodules of leguminous plants. On the contrary Whit-
ing (25) failed to find nitrite, nitrate, or ammonia in the nodules or in 
plants grown in a nitrogen-free medium. 
Heinze (8) reports having detected hydro-carbons of the acetylene series 
in crude nitrogen-fixing cultures. He gives an equation showing com-
bination of acetylene and free nitrogen to form hydrocyanic acid, which 
would undergo immediate transformation into ammonium formate. Ger-
lach and Vogel ( 5) accept this theory-that a direct combination of free 
nitrogen with carbon compounds takes place inside the cell. However, 
Strowd (23) could not detect cyanides in the extract from 100-gram quan-
tities of soy bean nodules even by a method sensitive to 0.01 mgs. hydro-
cyanic acid. 
Lipman (17) suggests the feasibility of the course of synthesis as pass-
ing through the oxyacids, amino acids, peptides, polypeptides, and so forth. 
Winogradsky (26) believed that ammonia forms by direct union of 
free nitrogen and nascent hydrogen. Stoklasa (22) agrees in this. 
Loew and Aso (18) suggest that ammonium nitrite is formed accord-
ing to the equation N2 + 2H2 0 = N02NH~. 
These theories in general assume that the nitrogen is fixed in a soluble 
form. Gerlach and Vogel ( 5) question the theory advanced by Beijerinck 
and Van Delden that a soluble nitrogen compound was first formed by 
Azotobacter, by showing that no soluble nitrogen was present in cultures 
following fixation. 
Lipman (17) found that in the course of nitrogen fixation by Azoto-
bacter vinelandii a soluble nitrogenous substance is formed which is not 
an essential part of the bacterial cell and which diffuses outward into the 
surrounding medium. ''This compound, ' ' he observes, ''may be an albu-
mose, but not necessarily in itself the first product of synthesis.'' 
Nitrogen Determinations on Azotobacter Cultures. Chemical analyses 
have been made on Azotobacter cultures by several investigators. These 
analyses were made on cultures grown under a wide range of conditions, 
but they all point to the fact that only part of the nitrogen present is in 
the form of protein and generally the older cultures are higher in protein. 
Lipman (17) reports the nitrogenous composition of dried Azotobacter 
membrane as 10.45 percent total nitrogen, 6.39 percent non-basic nitrogen, 
2.76 percent basic nitrogen, and 0.98 percent ammonia nitrogen. 
Hoffman and Hammer (10) grew Azotobacter chroococcum on Ashby's 
solution to which had been added 1.5 percent agar. The cells were scraped 
off the surface with a clean glass slide, dried and pulverized before the 
nitrogen determinations were made. Azotobacter cells, incubated for seven 
days before drying, contained 1.86 percent nitrogen whereas dry cells from 
21-day incubation showed 2.84 percent nitrogen. Calculated as protein 
these would be equivalent to 11.62 percent and 17.75 percent protein re-
spectively. No attempt was made to partition the various kinds of nitrogen. 
These figures are in agreement to those given by Gerlach and Vogel ( 5), 
who report a protein content of 8.0 percent, and by Stoklasa who reports a. 
protein content of 11.3 percent. They show that wide variations in the 
nitrogen content of dry bacterial cells are not uncommon. 
Hunter (11) analyzed Azotobacter cells scraped from dextrose-Ashby's 
agar. The cultures had been incubated for two to four days at 30°C. The 
cells were air dried. Analysis showed an average of 3.73 percent, which 
calculated as protein, would be 23.31 percent. An analysis of a composite 
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sample ~av~ 3.55 percent total nitrogen; 1.89 percent albuminoid nitrogen. 
~esults md!cate that only 53.1 percent of the total nitrogen is protein, giv-
mg a protem content of 11.81 percent instead of 23.31 percent as calculated 
from the total nitrogen. Organisms grown in liquid cultures aerated from 
two to four days at 30°0. in dextrose-Ashby medium were removed from 
the liquid in a super-centrifuge and dried. The composition was: total 
nitrogen 5.15 percent; albuminoid nitrogen 4.89 percent. Albuminoid 
nitrogen equaled 94.9 percent of total nitrogen. This indicates a protein 
content of 30.56 percent as compared with 11.81 percent for the growth 
obtained from Ashby's agar. 
It would have thrown much light on our present problem if an an-
alysis, in which Azotobacter cells grown for several weeks under the same 
conditions, had been reported. This work, however, brings out the point 
previously emphasized by Lipman, that young cultures of Azotobacte?· con-
tain relatively large percentages of non-protein nitrogen long before any 
appreciable autolysis has taken place. In the light of these analyses it seems 
as though this non-protein nitrogen is probably the source from which the 
bacteria build up the protein of their cells. 
Studies on the Physiology of the Legume Bacteria. The physiology of 
nitrogen fixation was investigated by Greig-Smith (7), who reported a 
study of the growth habits of the legume bacteria and of the gum produced 
by them in various combinations of nutrients. He deduced that the slime 
produced is closely related to the nucleoproteid molecule, that in nature 
the slime is partly used in sitii by the plant and that the slime may be trans-
ferred to other parts of the plant where it is used. He concluded that the 
slime produced is in ratio to the nitrogen fixed. 
Buchanan (2) made a study of the gum produced by" B. radicicola" 
(Rhizobiurn leguminosariim.) He inferred that all nodule bacteria studied 
formed gum which when produced in saccharose was closely related to the 
dextrans. He said that gum is not a source of nitrogen to the plant, but 
a capsule surrounding the cell. Two percent saccharose was the optimum 
carbohydrate concentration to produce the most gum. 
More recently Josh~ (13) made a study on the root nodule organism 
of the leguminous plants. He obtained increased growth of plants from 
inoculation with root nodule organisms, although nodule formation did 
not always occur. In cases where no nodules occurred he suggested (1 ) 
that the nitrogen might be fixed non-symbiotically in the sand and (2) that 
the organisms may have been present in the root without the formation 
of nodules. A search failed to show the presence of the organisms in root 
tissues. Further tests in which the organisms were confined within porous 
cylinders showed that the plants inoculated with their own strain of bacteria 
did better than with cross inoculation. Those inoculated with Azotobacter 
came third, being better than those in which the organisms were confined 
in a cylinder. Non-leguminous plants behaved in general as leguminous 
plants. It is surprising that the roots of oats should make greater develop-
ment in sand inoculated with pea nodule bacteria than with Azotobacter, 
when it is usually recognized that Azotobacter is much more efficient as a 
nitrogen-fixer. Analyses o~ the culture san~ showed that assimilation b_y 
the plant and nitrogen fixation go on approximately at the same rate. This 
had been noted by Golding ( 6), who procured large gains of nitrogen by 
root nodule organisms, by filtering off the soluble products of growth which 
prevent assimilation of nitrogen in artificial cultures. 
r 
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Joshi, studying further the possibility of ammonification and nitrifica-
tion occurring, found in peptone water after 72 hours about four milligrams 
of nitrogen as ammonia, but no nitrites or nitrates could be detected in 
Omelianski 's solution. I I Since some ammonia is formed from peptone by 
the nodule organism,'' he suggests, "it is possible that it may also transform 
some of the soluble protein produced by its activity.'' 
Object of These Investigations. The following studies have been under-
taken to throw some light on the mechanism of the fixation of atmospheric 
nitrogen by bacteria. The literature on this subject is contradictory, the 
only general agreement being that bacteria do fix appreciable quantities 
of nitrogen when grown in a suitable culture medium. 
In order to proceed with a study of the mechanism of nitrogen fixation 
the pertinent questions which we must answer are: 
1. Will Azotobacter chroococcum and Rhizobium leguminosarum fix 
enough nitrogen in artificial media during a short incubation period to per-
mit the use of analytical chemical methods for quantitative and qualitative 
chemical determinations? 
2. What type of medium should be employed? 
3. What chemical methods are best adapted to this type of work? 
4. What periods of incubation and methods of propagation should be 
followed to determine the course of nitrogen synthesis? 
The proper carrying out of tests should give us information that will 
warrant a decision as to whether the first product of synthesis is the same 
for Rh·izobinm legwninosarnm as for Azotobacter chroococcum. Is the first 
product of synthesis some soluble diffusible form equally available to the 
leguminous plant and the bacterial cell, or is it possible that an enzyme is 
secreted by the leguminous plant or the bacteria themselves which causes 
digestion of the bacterial cell and thus supplies soluble nitrogen to the 
plant? 
Investigational 
Methods: The chemical methods used were essentially those employed 
by Kendall (14). 
Total nitrogen (Gunning modification of the Kjeldahl method) . To 
duplicate 50 c.c. portions of the bacterial suspension in 500 c.c. Kjeldahl 
flasks, 5 grams of potassium sulphate and 5 drops of a 10 percent copper 
sulphate solution and 15 c.c. of nitrogen free sulphuric acid were added 
before digesting. The nitrogen was liberated by using sodium hydroxide 
and distilled by aeration into 250 c.c. receiving flasks containing 30 c.c. of 
N/ 50 HCl and 125 c.c. of water. · 
Non-protein nitrogen was determined according to Kendall's modifi-
cation of the method of Folin. 120 c.c. of bacterial suspension were diluted 
with 10 c.c. of distilled water and thoroughly mixed. Exactly 10 c.c. of 
a 10 percent aqueous solution of sodium tungstate were added and thorough-
ly shaken, then 10 c.c. of 2/3 normal sulphuric acid were added and shaken 
thoroughly. A drop of congo red was added. It was found necessary to 
add more sulphuric acid to those cultures having an excess of lime before 
the desired acid reaction was obtained. The gum in some of the Rhizobium 
leguminosarum cultures still remained in suspension as a viscid mucila-
ginous mass. Several methods were tried to change its consistency. The 
one finally adopted was to place the beakers containing the mixture in a 
water bath and bring the temperature of the bath to boiling. At this point 
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the gum went into solution and the liquid filtered readily through a medium 
coarse filter paper. Duplicate 50 c.c. aliquots of the filtrate were placed 
in Kjeldahl flasks, and digested and otherwise treated as in the test for 
total nitrogen. 
Ammonia nitrogen was determined by placing 20 c.c. of the suspension 
of organisms in the aeration flasks to which was added a saturated solution 
of sodium carbonate and sodium oxalate. The liberated ammonia was dis-
tilled by aeration into receiving flasks containing N/50 sulphuric acid. 
Amino nitrogen (Sorenson). 50 c.c. of culture medium in a beaker were 
adjusted to the neutral point of phenolphthalein by the cautious use of 
N/50 NaOH and N/50 HCL Five c.c. of formaldehyde exactly neutral to 
phenolphthalein were added. In the presence of NH2 groups the solution 
becomes acid. A second titration to neutrality gives the acidity of the 
carboxyl groups. Since one free COOH occurs for one free NH2 group 
in most amino acids, the equivalent amount of standard ammonia corres-
ponding to the amount of standard alkali in the titration after the addition 
of the neutral formaldehyde solution is a measure of the amino nitrogen 
of the solution. This was also checked by the Van Slyke method. 
Protein nitrogen is calculated as the difference between the total nitro-
gen and the non-protein nitrogen. 
Nitrites. Trommsdorf's reagent was used to detect the presence of 
nitrites. 
Nitrates. Diphenylamin reagent was used to determine the presence 
of nitrates. 
In order to obtain information concerning the relative amounts of 
several nitrogenous groups, analyses were made on some cultures that had 
been grown quickly under optimum conditions and on others that had 
grown slowly over a long period of time. The results of these determina-
tions are presented in Table I. 
In order to accelerate the growth of the bacteria in the young cultures 
analyzed, they were vigorously aerated during the incubation period. The 
Rhizobium cultures four days old in Moore's medium showed a marked 
viscosity, while the eight-day cultures were mucilaginous. 
The amounts of nitrogen fixed within the eight-day periods are so small 
for the Rhizobittm cultures that the experimental error is often greater than 
the amount of the determination. 
Young Azotobacter cultures are better adapted to analytical studies 
because of the larger quantities of nitrogen fixed and because of a smaller 
amount of capsule material. The old cultures contained larger quantities 
of total nitrogen. These cultures had been in an incubator for 2% years 
and according to the check had absorbed a certain amount of ammonia from 
the atmosphere. 
In precipitating the proteins, the bacterial cells coagulate into a mass 
and carry out much of the non-protein material that they have in their 
cells. For this reason the protein nitrogen determinations must certainly 
be too high, and for the same reason the non-protein nitrogen would be too 
small. In order to get an accurate amino nitrogen determination it would 
be necessary to rupture the cells. In the Rhizobium cultures the gum in-
terferes with the filtration. In the old cultures of Rhizobium this gum was 
so thick that the culture could not be poured from the flask. Difficulty is 
also encountered in making amino nitrogen determinations. The amount 
of nitrogen in the young cultures of Rhizobium is so small as to make the 
TABLE 1 
NI'l'ROGEN DETERMINATIONS ON CULTURES 
The follov.ing analyses ~how the relative ratios of several nitrogenous groups 
Nitrogen Protein Non-protein Amino Nitrogen 
fixed nitrogen nitrogen (Sorenson's method) Ammonia 
Percent Percent Percent 
Mgs. per Mgs. per I Mgs. per of total Mgs. per of total Mgs. per of total 
100 c.c. 100 c.c. Percent 100 c.c. nitrol!'.en 100 c.c. nitrogen 100 c.c. nitrogen Nitrate Nitrite 
( Rhizobfom leguminosarwm in Moore's Medium) 
2 days 1.232 .112 9.08 1.008 81.8 -- -- .112 9.1 
4 days 1.568 .560 35.80 1.008 64.3 .000 0.0 
8 days 1.680 .504 33.00 1.176 70.3 .000 0.0 
(Rhizobiwm legwminosar·wm grown in Dextrose-Ashby's solution) 
1 day .210 0.000 0.00 ,070 0.0 .000 .00 .141 0.0 
2 days .336 .126 37.50 .210 62.5 .0{10 .00 .141 41.7 
4 days .338 .048 14.20 .290 85.8 .000 .00 .210 62.2 
8 days 1.170 .960 82.20 .210 18.0 .224 19.10 .210 18.0 
(.dzotobacter chroococcwm in Dextrose-Ashby's solution) 
1 day 0.210 0.000 0.00 0.000 0.0 .000 .00 .140 
2 days 5.0iO 4.550 89.60 .525 10.4 .304 6.00 .560 11.0 
~ days 10.300 9.810 96.20 .490 4.& .216 2.10 .560 5.4 
8 days 9.410 3.740 40.00 5.670 60.2 .448 4.70 .280 3.0 
(Azotobacter and Rhizobium cultures 21h years old in Dextrose-Ashby's solution)* 
1. Rhizobium (no lime) 3.360 1.110 33.00 
(Van Slyko Method) 
2.250 67.0 1.060 32.00 .280 8.3 
2. Rhizobium 
(excess of lime) 9.860 6.610 67.00 3.250 33.0 2.120 22.00 .550 5.6 
3. Azotobaoter (no lime) 29.600 22.110 74.70 7.490 25.3 6.100 21.00 3.080 10.4 
4. Azotobaoter 
(excess of lime) 26.880 30.040 67.10 8.740 32.9 6.110 23.50 4.330 16.1 
5. Check 3.140 2.920 93.0 0.000 00.00 .42 13.4 
6. Rhizobium 
(washed ot'f fresh 
cultures on Moore's 
agar) 5.820 2.330 40.00 3.490 60.0 1.890 32.00 .280 4.8 
* Considerable evaporation had taken place and the cultures were not made up to the original volume before analyzing. 
TABLE II 
TEST FOR NITRA'l'ES, NITHITES AND AMMONIA 
Rhizobium Azotobacter Azotobacter aerated 
Days Mgs. ofN Mgs. ofN Mgs. ofN 
culture as NH.per as NH, per as NH, per 
was 100 c.c. 100 c.c. 100 c.c. 
grown culture* Nitrites Nitrates culture Nitrites Nitrates culture Nitrites Nitrates 
Check .252 None None .224 None None .140 None None 
1 day .224 None None .168 None Noni> .504 None None 
2 days .224 None None .168 None None .224 None None 
4 days .168 None None .168 None None .224 None None 
* The ammonia was determined here by distilling over magnesium oxide. 
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Van Slyke method impracticable and the capsule material about the Rhizo-
bium cells is so impervious that it takes several days for the formaldehyde 
to penetrate, thus lessening the value of the Sorenson method.. In the series 
of Rhizobium cultures in Moore's solution the formaldehyde was allowed 
to stand in contact with 100 c.c. of culture and in two days' time there 
was no indication of acidity. Van Slyke 's method was used on the old 
cultures containing more nitrogen. Subsequent studies, however, give more 
accurate information on the amino nitrogen relations. 
A study of the data in Table I makes it apparent that nitrates and 
nitrites were not present in any of the cultures. Many tests on cultures of 
Azotobacter and Rhizobium grown on several kinds of media and under 
a wide range of conditions have failed to reveal the presence of nitrates or 
nitrites. Ammonia appears on the first or second days and during the most 
rapid period of growth the largest amount is present even though the fixed 
nitrogen is several times greater on the later date. This is further shown 
in the following results: (Table II) 
The accumulation of ammonia in the culture during the period of most 
rapid growth would suggest that it is being formed more rapidly than it 
is synthesized into higher nitrogenous compounds. ·whether the maximum 
ammonia content is attained within two days or four days depends on con-
ditions in the culture, such as amount of inoculation, temperature, etc. No 
such accumulation of ammonia is observed in young cultures that are grown 
without aeration. In an unaerated solution the organisms grow slower and 
the ammonia is apparently synthesized as fast as it is formed and any 
ammonia already present is taken up by the organisms. 
The amino nitrogen content of the bacterial cells can not be readily 
determined. These products being formed within the cell protoplasm, it 
would be natural to suspect that only a part would diffuse into the sur-
rounding medium, because they would be synthesized at about the same 
rate that they were formed. Only in young cultures, during the period 
of most rapid growth would one expect an excess production of amino 
nitrogen. To check further on this point titrations were made by the Soren-
son method on cultures of Rhizobfom and Azotobacter. The samples were 
then covered with watch glasses and at regular intervals enough N/50 
NaOH was added to restore the end point of the phenolphthalein. The 
following table shows the total number of c.c. of N/50 NaOH used at the 
various intervals: (Table III) 
These cultures had been aerated vigorously during growth. Here it 
is found that the A.zotobacter culture had produced a larger quantity of 
amino nitrogen than the Rhizobium culture. As the formaldehyde remained 
in contact with the cells the reactions progressed, showing that the rate of 
penetration of formaldehyde into bacterial cells is slow. Further observa-
tions showed that for two days an equilibrium had been reached, and very 
little more acidity developed. It must be admitted that the presence of 
carbon dioxide is a bad factor, but the comparative value of the results is no 
less significant.. The greater amount of amino nitrogen in the four-day 
Azotobacter culture over the eight-day culture would suggest the possibility 
that this culture had reached the stage where amino production and syn-
thesis of proteins were more nearly in equilibrium. 
Qualitative protein tests were made on all the cultures whose analyses 
are reported in Table I using several methods that are commonly believed 
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TABLE III 
'l'HE RATE 01!, REACTION WITH FORMALDEHYDE 
I 1st Titration IAfter 8 hrs.I After 24 hrs. After2 days 
Age of Amount of c.c. N/50 total N/50 total N/50 total N/50 
Culture culture used NaOH used NaOH used Ne.OH used NaOHused 
Azotobacter l day · lOOc.c. 0.8 1.8 3.0 4.2 
2 days 100 1.6 5.4 7.4 8.9 
! days 100 1.2 4.0 7.4 9.4 
8 days 100 0.8 2.8 4.2 6.0 
Rhizobium 1 day 100 0.4 1.0 2.0 3.0 
2 days 100 0.3 0.6 1.2 1.6 
4days 100 0.3 1.0 2.0 3.2 
8 days 100 0.8 2.8 4.0 5.2 
to indicate the recognized protein linkages. The results of these tests are 
shown in Table IV. 
It would only be logical that the Biuret test should be uniformly posi-
tive since this reaction is characteristic of the proteins and some of the more 
complicated polypeptides. That the Biuret reaction was negative with the 
first set of cultures is probably because of heavy capsules of gum about the 
cells. 
In all these cultures except the first group, the reagent was allowed 
to stand in contact with the culture for several hours and the typical violet 
color came very slowly. Not until an hour after the copper sulphate had 
been added could it be distinguished beyond doubt in the two-day culture. 
The Hopkins-Cole reaction is due to the presence of tryptophane. It 
is significant that the only positive tests were those made on the 2% year 
old cultures of Azotobacter. 
The bromine test being negative eliminated the possibility of phenol 
or cresol being present to account for the reac[ion with Millon's reagent. 
Millon 's test is positive on all cultures that have grown two days or 
more. This reaction indicates the presence of an aromatic substance con-
taining a hydroxyl group attached to the benzene ring. This reaction may 
safely be interpreted to indicate the presence of tyrosine or the hydroxy-
phenol group in the protein molecule or the presence of oxyacids. It may 
be that Millon 's is more delicate in the presence of capsule material than 
the Biuret test and there may be amino acids containing the phenol radical 
which have not yet been synthesized that have given the test. 
The Xanthroproteic reaction is uniformly positive on the Azotobacter 
cultures; occasionally a culture of Rhizobium will give a positive reaction. 
This reaction indicates the presence of the phenyl group. This phenyl 
group may be either in the protein molecule or in the form of oxyacids. 
The failure to give consistent results on the Rhizobiurn cultures is probably 
due to the small quantities of protein or oxyacids present and the large 
amount of gum. 
Morner's reaction is uniformly negative. It is a specific reaction for 
tyrosine. Either the test is not sensitive to the small amount present or 
the linkage is such as to give negative results. It does, however, lead one 
to interpret the- results with Millon's test to indicate the presence of oxy-
acids. 
In the one-day cultures of Azotobacter and Rhizobium we find measur-
TABLE IV 
QUALITATIVE PROTEIN 'fESTS ON CULTURES OF RHIZOBIUM AND AZOTOBACTER 
2 days 
4 days 
8 days 
1 day 
2 days 
4 days 
8 days 
1 day 
2 days 
4 days 
8 days 
Biuret 
Hopkins-
Cole Bromine Millon 's 
(Cultures of Rhizobium in Moore's Solution) 
+ 
+ 
+ 
(Cultures of Rhizobiurn grown in Dextrose-Ashby's Solution) 
+ + + 
+ + 
+ + 
(Cultures of Azotobacter grown in Dextrose-Ashby's Solution) 
+ 
+ + 
+ + 
+ + 
Xanthro 
proteic 
+ 
+ 
+ 
+ 
+ 
( Azotobacter anc1 Rhizobium cultures 21h years old in Dextrose-Ashby's Solution) 
1. Rhizobium 
(No Lime) 
2. Rhizobium 
(Excess of Lime) 
3. Azotobaeter 
(No Lime) 
'i. Azotobacter 
(Excess of Lime) 
5. Check 
6. Rhizobium 
(Washed off fresh Cultures 
on Moore's agar) 
+ 
+ 
+ + 
+ + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Morner's 
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able quantities of ammonia where Millon 's reaction is negative. This 
might well be taken to indicate the course of synthesis as passing through 
the ammonia state, the ammonia possibly replacing an OH group of an 
oxyacid, thus forming an amino acid. Since Stoklasa (20) has demon-
strated the production of hydrogen by Azotobacter it is possible that in 
this way a molecule of water may be formed. The amino acid would be 
subsequently synthesized to protein. 
Since amino acids and ammonia are present in cultures in which no 
nitrates or nitrites are found, we naturally ask, ''Is ammonia the first 
product formed in the fixation of atmospheric nitrogen by nitrogen-fixing 
bacteria?'' To answer this question twelve 500 c.c. portions of modified 
Ashby's solution having a reaction of pH 7.8 but containing no lime, were 
placed in one-liter flasks equipped with aeration tubes and sterilized. These 
were connected with receiving flasks containing N/50 HCl, also fitted with 
aeration connections. Cotton filters and flasks containing 20 percent sul-
phuric acid were used to take out any ammonia or bacteria from the air 
that was drawn through the medium by means of a suction pump. Four 
flasks were inoculated with A zotobacter chroococcum, four with Rhizobium 
leguminosarum and four were not inoculated. After one week one flask 
of Azot,obacter, one of Rhizobium and one blank were removed for analysis. 
This was repeated at the end of two weeks, four weeks, and eight weeks. 
Ammonia from the cultures of Azotobacter and Rhizobium was carried 
off by air current and collected in receiving flasks. The amount collected, 
however, was small, as at the end of one week the Azotobacter stopped 
growing and at the end of four weeks the Rhizobium had apparently 
stopped growing. The following Table V shows the mgs. of nitrogen carried 
over as ammonia at the end of each period of aeration. The growth of 
organisms was not luxuriant and the amount of nitrogen fixed was small. 
To check further on the formation of ammonia three-liter portions of 
modified Ashby's solution containing 5 grams of calcium carbonate per 
liter were placed in four-liter flasks equipped with aeration tubes, were 
sterilized and connected in series with receiving flasks containing N/ 50 
HCl fitted with aeration connections. A strong current of air which had 
TABLE V 
MGS. OF NITROGEN AS AMMONIA AERATED FROM CULTURES 
CONTAINING NO LIME 
1 week 2 weeks 
Azotobacter .37 .37 
Rhizobium none .13 
Blank none none 
3 weeks 
.37 
.53 
none 
8 weeks 
.25 
.36 
none 
been filtered through 20 percent sulphuric acid and cotton kept the solu-
tions vigorously agitated. One flask was inoculated with Azotobacter 
chroococcum, one with Rhizobium leguminosarum (alfalfa strain) while one 
was left blank. At one-week intervals for four weeks the receiving flasks 
were titrated, but no ammonia had been carried over by the current of 
air. The organisms grew luxuriantly and at the end of two weeks the 
cultures of Azotobacter and Rhizobittm had become very viscid. The Azo-
tobacter culture became characteristically amber colored, while the Rhizo-
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bittm culture assumed the characteristic mucilaginous appearance. An-
alyses of the cultures after the four-week aeration gave results as follows: 
(Table VI) 
The failure of these cultures to give off ammonia in the current of 
air as in the previous test, where no lime was used, may be due to the union 
between the ammonia formed and the calcium bicarbonate, the calcium 
bicarbonate being formed through the action of carbon dioxide on the cal-
cium carbonate. One very surprising thing is the large amount of nitrogen 
fixed by the Rhizobium culture. This brings out the possibility that some 
condition must exist in these cultures whereby the ammonia is withheld 
TABLE VI 
ANALYSES OF AERATED CULTURES CONTAINING LIME 
Total Nper AminoN* AmmoniaN 
I Nitrates I Nitrites 100 c.c. per 100 c.c. per 100 c.c. of culture of culture of culture 
Azotobacter 8.6mg. .56mg. .03 None None 
Rhizobium 7.2 None .03 None None 
Blank None None None None None 
* The formaldehyde was allowed to stand in contact with the culture for two days 
before being titrated. 
from the cell, somewhat as happens within the nodule when the plant re-
moves the soluble nitrogen formed causing the organisms to fix large quan-
tities of nitrogen in order to have enough available for the bacterial cell. 
The hydrogen-ion concentration of this medium was pH 7.6 according 
to colorimetric determinations made on all the flasks before inoculating 
and after four weeks' incubation. 
Discussion 
The data presented, although dealing with such small quantities of 
nitrogen as to greatly lessen the value and reliability of the recognized 
quantitative methods, indicate that in the process of nitrogen fixation am-
monia appears in measurable amounts in rapidly growing cultures before 
sufficient amino or protein nitrogen has accumulated to be demonstrated 
by the well-recognized qualitative tests. The ammonia content diminishes 
as the culture grows even though the amount of nitrogen fixed is several 
times greater than it was at the earlier period. Another interesting fact 
is that in the presence of lime a vigorously growing, aerated culture of 
Rhizobium will fix comparatively large quantities of nitrogen, but no am-
monia is given off. Without the lime a small amount of ammonia is given 
off, ·but little nitrogen is fixed. 
The amino nitrogen is always low in young cultures compared to the 
total nitrogen possibly due to the rapidity with which it is synthesized into 
protein. In the old cultures the amino content is much higher. This may 
be interpreted to mean that autolysis has taken place or it may mean that 
synthesis is slow. 
It is significant that in general the qualitative protein tests are the 
same for both old and young cultures. One exception is the Hopkins-Cole 
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reaction on the old Azotobacter cultures. Tyrosine or oxyacids are evident-
ly formed in the protein molecule during the process of synthesis. 
Nitrates and nitrites are apparently not formed in the process of nitro-
gen fixation by either of the organisms studied. 
Conclusions 
This investigation has led to the following conclusions: 
1. A vigorous growth of legume bacteria and Azotobacter can be ef-
fected and enough combined nitrogen formed in a few days to permit the 
use of analytical chemical methods for detecting and partitioning the vari-
ous forms. 
2. A two percent solution of sucrose is poorly adapted to this type 
of work because of heavy gum production in this medium. 
3. The formaldehyde (Sorenson) titration method is quite unreliable 
when used in connection with bacterial cells because the formaldehyde must 
remain in contact with the cells for some time before the reaction is com-
pleted. Van Slyke 's method is better suited to this purpose, though in 
young cultures the amount of amino nitrogen in synthetic media is so 
small as to be within the experimental error of this method where a maxi-
mum of ten cubic centimeters of culture solution can be used in one de-
termination. This fact makes the Sorenson formaldehyde method valuable 
in dealing with these small quantities of amino nitrogen by employing large 
quantities of the material in the titration. 
4. Qualitative tests indicate the presence of tyrosine or oxyacids in 
all the cultures studied. 
5. The amount of amino nitrogen increases with the age of the cul-
ture up to a certain point. 
6. Nitrates and nitrites could not be detected at any time in vigorous 
growing cultures when the reagents used in making up the media were 
free from these compounds. 
7. The fact that an accumulation of ammonia always occurs in the 
cultures during the first few days of maximum growth and gradually 
9iminishes as the source of carbohydrate is exhausted leads to the conclu-
sion that ammonia is probably the first product of metabolism in nitrogen 
fixation and that soon a balance is reached within the cells in which the 
ammonia is formed no faster than it is synthesized into protein. No at-
tempts have been made to prove the possibility of the production of nascent 
hydrogen to unite with the free nitrogen of the air. 
8. Small amounts of ammonia are carried off from cultures of Rhizo-
bium leguminosarum and Azotobacter chroococcum growing in dextrose 
Ashby's solution containing no lime if the cultures are aerated vigorously 
during the first week's growth. 
9. When an excess of lime is added to dextrose Ashby's solution no 
ammonia is liberated by the aeration method. Under these conditions the 
Rhizobium culture fixed an unusually large amount of nitrogen and an-
alyses demonstrated the presence of ammonia. 
10. Rhizobium legi1minosa1·um grown in vigorously aerated dextrose-
Ashby 's solution fixes relatively large quantities of atmospheric nitrogen. 
11. From the data accumulated, the conclusion seems justified that 
the first products of synthesis are the same for Rhizobium leguminosarum 
and Azotobacter chroococcitm. ' 
12. Soluble forms of nitrogen are formed by nitrogen-fixing bacteria 
NITROGEN METABOLISM OF NITROGEN-FIXING BACTERIA 409 
during the early stages of growth when these bacteria are grown indepen-
dent of higher plants or their enzymes. 
REFERENCES 
1. .ASHBY, s. F. 
1907. Some observations on the assimilation of atmospheric nitrogen by a free 
living soil organism. .tl.zotobacter chroococcum. J our. Agr. Sci. 2: 35-51. 
2. BUCHANAN, R. E. 
1909. The gum produced by Bacillus radicicola. Cent bl. Bakt. (etc.) Abt. 2. 22: 
372-396. 
3. BURRILL, T. J. AND HANSEN, RoY. 
1917. Is symbiosis possible between legume bacteria and non-legume plantsf 
Ill. Agr. Exp. Sta. Bul. 202: 151-155. 
4. GAUTIER, A. AND DROUIN, R. 
1892. Sur la 1ixation de l 'azote atmospherique per le sol et les vegetaux. Comp. 
Rend. Acad. Sci. 106: (1888) :754 and 115 (1892) :659. See also Bul. Soc. Chem. 
Paris. 78: 84-97. 
5. 'GERLACH, M. AND VOGEL, J. 
1902. Weitere Versuche mit stickstoffbindenen Bakterien. Centbl. Bakt. (etc.) 
Abt. 2. 9: 817-821; 881-895; also (1903) 10: 636-644. 
6. GOLDING, JOHN. 
1905. The importance of the removal of the products of growth in the assimila-
tion of nitrogen by the organisms of the root nodules of leguminous plants. Jour. 
Agr. Sci. 1: 59-64. 
7. GREIG-SMITH, R. 
1906. The formation of slime or gum by Rhizobium leguminosarum. Proc. Lin-
nean Soc. New South Wales, 31 (part 2) :608. 
8. HEINZE, B. 
1906. Uber Stickstoff Assimilation durch niedere Organismen. Landw. Jahrb. 
35: 907. 
9. HILLS, T. ·L. 
1918. Influence of nitrates on nitrogen assimilating bacteria. Jour. Agr. Rsch. 
12: 183-230. 
10. HOFFMAN, C. AND HAMMER, B. W. 
1910. Some factors concerned in the 1ixation of nitrogen by Azotobacter. Wis. 
Agr. Exp. Sta. Rsch. Bul. 12: 155-172. 
11. HUNTER, 0. W. 
1923. Protein synthesis by Azotobacter. Jour. Agr. Rsch. 24: 263-274. 
12. HUTCHINSON, H. B. AND MILLER, N. H. J. 
1901. The direct assimilation of inorganic and organic forms of nitrogen by 
higher plants. Cent bl. Bakt. (etc.) Abt. 2. 30: 513-54 7. 
13. JOSHI, N. v. 
1920. Studies on the root nodule organism of the leguminous plants. Memoirs 
Dept. of Agr. in India. (Bacteriological Series) 1 (9): 247-276. 
14. KENDALL, A. I. 
1922. The significance and quantitative measurement of the nitrogenous meta-
bolism of bacteria. Jour. Infect. Diseases. 30: 211-224. 
15. LINHART, G. A. 
1920. The free energy of biological processes. Jour. Gen. Physiol. 2: 247-251. 
16. LIPMAN, J. G. 
1908. Bacteria in Relation to Country Life. Macmillan Co., New York: 215. 
410 W. V. HALVERSEN 
17. LIPMAN, J. G. 
1905. Azotobacter studies. New Jersey A.gr. Exp. Sta. 26th Ann. Rpt: 276-280. 
18. LoEw, O. AND Aso, K. 
1906. On the change of the availability of nitrogen in soils. II. Bul. Col. of 
Agr. Tokio Imp. Univ. 7: 567-574. 
19. PIERCE, G. J. 
1902. The root tubercles of bur clover, etc. Proc. Calif. Acad. Sci. 2 (10) : 295-
328. 
20. Stoklasa, J. 
1895. Studien iiber Assimilation auf Elementaren Sticksto:ff durch Pflanzen. 
Landw. Jahrb. 24: 827-863. 
21. STOKLASA, J., ERNEST, A. i STRANAK, F. AND VITEK, E. 
1908. Beitrag zur Kenntnis der chemischen Vorgange bei der assimilation des 
elementaren Sticksto:ffs durch Azotobacter und Radiobacter. Centbl. Bakt. (etc.) 
Abt. 2, 21: 484-509; also 197-199. 
22. STOKLASA, J., ERNEST, A., STRANAK, F., AND VITEK, E. 
1908. Beitrag zur Kenntniss der chemischen Vorgange bei der Assimilation des 
Elementaren Sticksto:ff durch Azotobacter und Radiobacter. Centbl. Bakt. (etc.) 
Abt. 2. 21: 620-632. 
23. STROWD, W. H. 
1921. The forms of nitrogen in soy bean nodules. Soil Sci. 11 (2) : 123-130. 
24. WHITING, A. L. AND SCHOONOVER, W. R. 
1920. Nitrogen fixation by cowpeas and nodule bacteria. Soil Sci. 10 (6): 411-
420. 
25. WHITING, A. L. 
1914. A biochemical study of nitrogen in certain legumes. Ill. Agr. Exp. Sta. 
Bul. 179: 471-542. 
26. WINOGRADSKY, S. 
1893. Sur 1 'assimilation de l 'azote gazeux de l 'atmosphere par les microbes. 
Compt. Rend. de l 'acad. Paris. 118: 353. 
THE PRODUCTION OF A YEAST GROWTH STIMULANT BY 
HEATING MEDIA UNDER PRESSURE 
ELLIS I. FULMER and BERNICE HUESSELMANN 
(From tlle Laboratory of Biological Chemistry, Iowa State College, Ames) 
Received for publication May 1, 1927 
During the course of work with synthetic media for the growth of yeast 
in this laboratory unusually large growths were occasionally experienced. 
In each instance this anomalous growth took place in a medium which had 
been caramelized during the process of sterilization. But while the in-
creased growth was invariably associated with caramelization of the me-
dium, a caramelized medium did not always show the stimulating effect. 
In this paper are recorded the results of a study of the effect of steri-
lization of several media under pressure upon their ability to support the 
growth of yeast. 
I. EXPERIMENTAL TECHNIQUE AND EQUIPMENT 
The yeast used was a culture of Saccharomyces cerevisiae. The yeast 
had been growing in synthetic media for a number of years with an occa-
sional plating on the synthetic agar medium of Fulmer and Grimes (1923). 
The following media were used, as developed by Fulmer, Nelson and 
Sherwood (1921). The concentrations are in grams per 100 cubic centi-
meters of medium. 
TABLE I 
MEDIA USED 
c D E F 
NH, Cl 0.188 0.188 0.188 0.188 
K.HPO, 0.100 0.100 0.100 0.100 
CaC12 0.100 0.100 0.100 
Ca CO, 0.040 0.040 
Dextrin 0.60 
Cane Sugar 10.0 10.0 10.0 10.0 
The inoculation was made by the addition of 1 cubic centimeter of 
yeast emulsion to 19 cubic centimeters of the medium, hence the medium 
was made up to a strength of 20/19 of the above in order to take care of 
dilution. 
The number of cells was determined by means of the Thoma-Zeiss 
counting chamber. The concentration of yeast is expressed as "Count," 
or the number of cells in sixteen small squares. When the count equals 
1, there are 250,000 cells per cubic centimeter. In all cases the inoculation 
was such as to make the initial count equal to one. The inoculation was 
always made from an actively growing culture. All incubations were made 
at 30° C. 
In determining pH a standard potentiometric set up was used with a 
saturated KCl calomel half cell and, at first, a Bailey hydrogen electrode. 
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In later experiments the quinhydrone electrode was used as described by 
Biilmann (1921) and Kolthoff and Furman (1926). 
II. EXPERIMENTAL RESULTS 
A. Media 0, D, E, and F sterilized for different lengths of time. 
Media C. D, E, and F were sterilized under 15 pounds pressure for 
various lengths of time, inoculated, incubated for 48 hours, and the counts 
made. The results are given in Table II. 
TABLE II 
EFFECT OF TIME OF STERILIZATION OF MEDIA UPON GROWTH OF YEAST 
Time of Sterilization C D E F 
(Minutes) 
15 
30 
45 
60 
75 
Order of Color 
xOptimum. 
19 
32 
39 
46x 
25 
4 
51 
60 
90x 
66 
70 
3 
52 50 
51 37 
43 41 
50 24 
48 33 
2 1 
An examination of the above data brings out some interesting points. 
The growth in Medium C is nearly doubled when the period of sterilization 
is extended from 15 to 30 minutes. There is a maximum growth for the 
60 minute period sterilization. The optimum for Medium D is at 45 minutes. 
There is no stimulation in Mediums E and F, in fact in the latter medium 
there seems to be a toxic effect. In the last line of Table II is given the 
order of color of the media ; i.e., degree of caramelization. It might seem 
that failure to obtain stimulation in Medium E is due to the fact that the 
optimum has been passed. This idea seems to be negatived by the fact 
that the color in Medium E at 30 minutes is not greater than in Medium 
C at 60 minutes. 
Since the degree of stimulation in Medium C is greater than in any 
other medium and furthermore since this medium is the least complex, it 
was d~ded to use only this medium for further study. 
B. The effect of varioas "caramel" preparations upon the growth 
of yeast. 
The fact that only a caramelized medium shows the yeast growth stimu-
lation does not prove that caramel is the stimulant rather than some other 
product or products produced simultaneously with the caramel bodies. 
Hence the terminology ''caramel'' or caramel preparation to designate the 
product used in the experiments. 
In order to standardize the procedure, the following arbitrary method 
was adopted to test the effect of various concentrations of "caramel" upon 
the growth of yeast. Five hundred cubic centimeters of the medium were 
sterilized for the desired interval and this preparation designated as 100%. 
These preparations were then added in various ratios to the uncaramelized 
medium. Thus 5% means that 5 cubic centimeters of the preparation were 
used to 95 cubic centimeters of the uncaramelized medium. The mixture 
was then sterilized for 15 minutes in live steam. 
In Table III are given data for the growth of yeast in Medium C con-
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taining various percentages of the 3 hour and 5 hour preparations. The 
columns A B and A', B', C', represent separate experiments. A and A' 
were counted after the same time interval while B, B', and C' after different 
periods of growth. 
TABLE III 
EFFECT UPON THE GROWTH OF YEAST OF VARIOUS PERCENTAGES OF 
3·HOUR AND 5-HOUR CARAMEL PREPARATIONS 
Count 
% Caramel 3 Hr. ''Caramel'' 5 Hr. ''Caramel'' 
Preparation A B A' B' C' 
0 . 23 86 23 64 63 
5 51 113 30 64 65 
10 49x 142x 37 60 68 
15 47 109 44 57 64 
20 37 94 41 59 74 
25 39 98 47 65 74 
30 39 88 52x 67x 75x 
35 41 88 50 49 69 
40 43 78 48 50 69 
45 41 69 47 45 61 
50 62 46 52 61 
55 65 44 
60 64 38 
65 81 44 
70 80 43 
75 90 45 
80 90 52 
85 87 49 
90 83 42 
95 134x 68x 
100 94 41 
x Optimum, see also Tables VII and IX. 
The data show that there are two optimum concentrations for each 
preparation. In the succeeding work the five hour preparation is used as 
standard and will be designated as "Caramel C." 
C. The effect of hydrogen ion concentration upon the growth of yeast 
in the various media. 
Since it is known that yeast growth is a function of pH and the caramel 
preparation is more acid than Medium C, having a pH of about 6, the next 
point which presents itself is the possibility of this optimum being a pH 
effect. The need for the control of this variable is further shown by data 
in Table IV. The media were all adjusted to a pH 7 before sterilization 
and then sterilized under 15 pounds pressure for 15 minutes. 
TABLE IV 
pH CHANGES OF CARAMEL SOLUTIONS DURING 15 MINUTE 
STE RILIZATION 
% Caramel pH Before pH After 
0 7.00 6.71 
10 7.07 6.62 
20 7.07 6.51 
30 7.07 6.47 
40 7.07 6.39 
50 7.00 6.22 
414 ELLIS I. FULMER AND BERNICE HUESSELMANN 
It should be noted that the products produced during caramelization 
lead to the increased production of acid during sterilization. Hence in a 
series of media containing various concentrations of "caramel" not only 
would the pH change during sterilization but the change would be greater 
the higher the concentration of the "caramel." 
In the succeeding experiments the pH was adjusted after sterilization 
by the method described by Christensen and Fulmer (1925). In Table V 
are given data showing the effect of pH upon the growth of yeast in Medium 
c. 
TABLE V 
INFLUENCE OF pH (AFTER STERILIZATION) UPON GROWTH OF 
YEAST IN MEDIUM C 
Counts in Media 
pH I II 
3.21 3 2 
5.32 15 16 
6.10 20 25 
6.48 27 31 
6.87 9 9 
7.99 5 5 
8.19 4 7 
8.43 2 2 
From the above it will be seen that the optimum pH (taken after 
sterilization) for the growth of yeast in Medium C is between 6.10 and 
6.48. The pH of the optimum concentration of the caramel preparation 
(30%) is 6.24. Since this is also the optimum pH for the growth of yeast 
in this medium, the next step will be to determine how much of the stimu-
lation is due to the pH. For this purpose Medium C was adjusted to the 
same pH as the 30% solution of the caramel preparation and flasks of this 
solution, flasks of Medium C unadjusted, and flasks of the 30% solution 
of the caramel preparation were inoculated to a count of one. After in-
cubation for 24 hours the counts (Table VIII) show a decided increase in 
growth in the medium containing the caramel over that in Medium C at 
the same pH as that of the caramel solution, while the count of the medium 
adjusted to pH= 6.24 shows much better than that of the medium which 
is unadjusted. 
TABLE VI 
COMPARISON OF GROWTH IN 30% CARAMEL AND MEDIUM C 
Count 
Medium pH 
~~~~~~~-~~~~~-
Medium C 6.82 
Medium C 6.24 
30% Caramel 6.24 
I 
6 
20 
34 
II 
6 
19 
30 
III 
20 
30 
Evidently there is some stimulating factor in the medium beside the 
pH and this stimulation must come from the caramelization because the 
car~melized medium gives an increase in count over the uncaramelized 
medium at a given pH. The exact role of pH in the stimulating effect can 
be determined only by the use of a series of concentrations of caramel at 
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a constant pH. Such a series, all at a pH of about 7, was made up, in-
oculated, and incubated for 48 hours. The results are shown in Table VII. 
TABLE VII 
GROWTH IN DIFFERENT % SOLUTIONS OF CARAMEL AT A pH OF 7 
Count 
% Caramel pH I II 
0 6.98 25.8 31.3 
10 7.11 33.1 32.0 
20 . 7.11 33.1 31.5 
30 7.11 36.0x 33.Sx 
40 7.05 34.5 31.5 
50 7.05 27.4 30.6 
xOptimum. 
While the data show an optimum at 30%, it is not as pronounced as 
in the previous results. This would indicate that a pH of about 7 is so 
detrimental as to partly overshadow the optimum. If the latter is the case, 
any such harmful effect would be done away with by adjusting the pH 
to 6.24. This was done, the flasks inoculated and incubated for 19 hours. 
The counts are given in Table IX, Column for Caramel C. 
These counts show a distinct optimum at 30% which must be due to 
something within the caramelized medium, since we have shown that it is 
not a function of pH alone. 
D. Caramels A and B, and their effect upon the growth of yeast in 
Medium C. 
In the above described experiments the caramelization was produced 
by a mixture of the two salts, K 2HP04 and NH4 Cl. Experiments were 
next undertaken to determine the role of each of these salts in the produc-
tion of the stimulant. Solutions containing sugar and NH4Cl, and sugar 
and K 2HPO 4 were caramelized and designated as caramels "A" and "B" 
respectively. To the preparation used heretofore, containing NH4Cl and 
K2HP04, was given the name Caramel "C." 
"A," "B,'' and "C" are easily distinguished from one another. "A" 
is a brown solution which becomes cloudy upon standing a day or more; 
'' B'' is a brownish yellow and remains clear indefinitely; while '' C '' is 
of ·a reddish brown color, clear, the darkest of the three. "B" is nearly 
decolorized by the addition of hydrochloric acid, while ''A'' is ''acid fast.'' 
All give a positive test with Fehling 's solution. The respective pH's are: 
"A," 4.0; "B,'' 6.8 ; and "C,'' 6.0. 
Solutions containing varying concentrations of each of these caramels 
were made up and adjusted to a pH of 6.24. Table VIII shows the amounts 
of solutions used in making up such a series. 
TABLE VIII 
COMPOSITION OF PERCENTAGE SOLUTIONS OF ''A'' AND "B" 
% Caramel Medium c1 Complement2 Caramel H,O 
10 s 1 2 8-a 
20 6 2 4 7-a 
30 4 3 6 6-a 
40 2 4 8 5-a 
50 0 5 10 4-a 
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(1) Double concentration. 
(2) By "Complement" is meant the solution containing the salts 
necessary to make the solution have the same composition as Medium C ; 
thus the Complement (double concentration to allow for adjusting the pH 
and for inoculation) for "A" would contain per 100 cubic centimeters of 
H20, 20 grams o:f sugar, 0.400 grams o:f K 2HP04 , and no NH4Cl. 
By ''a'' is meant the number o:f cubic centimeters o:f acid or alkali 
needed to adjust the solution to a pH o:f 6.24. 
These solutions were then inoculated and the counts at the end o:f 19 
hours are given in Table IX. 
From these results it is seen that Caramel "A" up to 50% gives no 
optimum. Further addition gives an increased count. "B" gives an op-
timum at 20% and the addition o:f more o:f this preparation then decreases 
the count. The counts o:f the 50% "A" and 20% "B" are nearly identical. 
Since these two preparations give such very different results :from each 
other and :from the "C" Caramel, it is o:f interest to know whether "C" 
is a combination o:f equal parts o:f ''A'' and '' B,'' or a different ·product 
which is :formed when the two are produced in the same solution. For this 
purpose solutions containing various percentages o:f a 1 :1 combination o:f 
"A" phis "B" (a 10% solution-(total volume 20 cubic centimeters)-
would contain 1 cubic centimeter of each, thus containing 2 cubic centi-
meters or 10% o:f the mixture,) diluted with Medium C were prepared, 
sterilized, adjusted to a pH of 6.24, inoculated, and counted after 19 hours. 
The results are given in Table IX. 
TABLE IX 
RELATIVE GROWTH IN SOLUTIONS OF DIFFERENT CARAMELS 
Count 
Caramel c A B APlusB 
% Caramel Count Count Count Count 
I II I II I II I II 
0-(unadjusted) 13 10 13 10 13 10 13 10 
0-(pH = 6.24) 19 22 19 22 19 22 19 22 
10-( " ) 33 30 29 26 26 34 29 33 20-( " ) 37 35 32 27 40x 41x 32 28 30-( " ) 41x 36x 41 36 31 31 29 31 40-( " ) 34 33 37 35 35 34 50-( " ) 33 32 44 41 36 30 37 
xOptimum. 
From these results it is seen that "C" is not a combination of equal 
parts of ''A'' and ''B,'' since ''C'' shows an optimum at 30%, whereas 
the addition o:f the combination o:f "A" plus "B" causes a steady increase 
in the count, somewhat similar to the effect produced by "A" alone. 
SUMMARY 
The sterilization o:f several media under pressure has been shown to 
produce a yeast growth stimulant. Stimulating factors were likewise pro-
duced by the heating o:f sugar solution under pressure with ammonium 
chloride, dopotassium phosphate or a mixture o:f the two salts. The stimu-
lation is not due to a change in the pH of the media. The stimulant may 
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be a caramel or a product or products formed simultaneously with the 
former. 
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Among the organisms belonging to the genus Lactobacillus there are 
three-L. casei, L. acidophilus and L. bulgariciis-which are of considerable 
importance from the standpoint of the dairy industry. L. casei apparently 
plays a necessa,ry role in the ripening of various types of hard cheeses while 
L. acidophilus and L. bulgaricus are employed in the preparation of fer-
mented milk intended to influence the bacterial flora of the intestinal tract; 
L. bttlgaricits also seems to be of use in the Swiss cheese industry. These 
three organisms have various characters in common and are not easily dis-
tinguished, indeed certain data even indicate that there may not be three 
distinct species. Various procedures have been suggested for the separa-
tion of these organisms, among them sugar fermentations, suitability of 
media ·with different surface tensions, and temperatures at which growth 
occurs. 
In connection with a study of certain cultures of L. acidophilus, de-
terminations were made of the isomeric form of lactic acid produced in 
milk, since it was thought that such data might be suggestive of the relation-
ships of this organism. The zinc lactates studied were prepared under as 
uniform conditions as possible so that the results could be directly com-
pared. The usual procedure employed in securing the lactic acid was a 
dry extraction method but in a few instances a wet extraction method, 
using whey from the same lot, was compared with this, both as to the form 
of lactic acid and as to the yield. 
Historical 
One of the earliest reports on the type of lactic acid produced by the 
lactobacilli is that of Orla-Jensen (1904) who stated that B. casei epsilon 
may produce over 2.7% of inactive lactic acid in milk. The zinc lactate 
prepared from the acid contained 18.2% of water of crystallization and 
27.5% of ZnO; it showed no rotatory properties. 
Bertrand and W eisweiller ( 1906) concluded from a study of cultures 
of B. bitlgaricus supplied by Metchnikoff that the lactic acid produced by 
the organisms was a mixture of the laevo and dextro forms, with the latter 
predominating. Grigoroff ( 1905), on the other hand, stated that his Bacil-
lus A (B. bulgaricus) produced the inactive form. Of less value is the 
statement of Luerssen and Kuhn (1908) that the whey from milk fermented 
by B. bulgaricus turned polarized light to the right. 
Heinemann and Hefferan (1909) found the acid produced by B. bul-
garicttS to be inactive, without a trace of the active form being left in the 
mother liquor after removing the zinc salts. 
Bertrand and Duchacek (1909) reported the production of equal 
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amounts of laevo and dextro acids by B. bttlgariciis from glucose, galactose, 
levulose, and mannose but for some unexplained reason a relative excess 
of the latter in milk. 
White and Avery (1910) found their high acid type (Type A) from 
yoghurt, mazun, and leben formed either inactive or laevo acid, while their 
low acid type (Type B) formed principally laevo, more rarely inactive or 
dextro. 
Varying results were obtained by Currie (1911) who found that high 
acid strains of B. bulgariciis from various sources formed an excess of 
dextro acid. Two cultures from milk soured at 38°0. formed inactive and 
laevo ; two from cheddar cheese formed dextro and inactive ; two from 
cheddar cheese formed inactive and laevo ; one from cheddar cheese formed 
only laevo ; of 20 other strains, 13 formed dextro only and seven inactive 
only. 
In a study of the lactic acid in cheddar cheese, Hart, Hastings, Flint 
and Evans (1914) isolated organisms belonging to a group which they 
called Bacterium casei; one of these produced laevo lactic acid and two 
dextro. A mixture of the two types gave the racemic acid with a slight 
excess of laevo. 
Heinemann and :j!Jcker (1916) determined the form of lactic acid pro-
duced in milk by three strains of the Boas-Oppler bacillus from gastric 
ulcers and found it to be laevo. This organism was considered identical 
with B. bulgaricus by Heinemann and Hefferan (1909) and by Galt and 
Iles (1915). 
Orla-Jensen (1921) reported Thermobacte1·ium bulgaricum (Bacillus 
biilgaricits) as producing up to 1.7% of laevo acid. 
In a study of 15 cultures of Doderlein's vaginal bacillus and B. acid-
ophilus, Jotten (1922) found that all formed inactive lactic acid. 
Mcintosh, James and Lazarus-Barlow (1924) reported that Dodds 
found B . acidophiltts-odontolytiws, which some investigators consider 
identical with L. acidophilus, produced malic acid with only a trace of 
lactic. 
Pederson, Peterson, and Fred (1926) found that a sample of acid-
ophilus milk contained a slight excess of laevo acid. The milk had not been 
sterilized before inoculation so the results are comparable to those found 
with naturally soured milks. 
Kopeloff (1926) stated that the unpublished results of Zoller show 
that "the non-volatile acid of acidophilus is found to be entirely dextro 
lactic acid. '' Zoller further gave as his opinion that the stereomorphism 
of the lactic acid constituted one point of differentiation between L. acid-
ophilus and L . bulgaricus. One culture of L. bulgaricus produced laevo 
lactic acid. · 
Methods 
The organisms studied were grown in :fl.asks of milk held at 37°0. for 
one week. The zinc lactates were then prepared as follows: 
Dry Extraction Method. The fermented milk was heated by standing 
the flask containing it in hot water to facilitate the separation of the whey. 
Usually about 5 c.c. of N/1 H 2S04 were added per 100 c.c. of milk before 
heating to help free the lactic acid, but in some runs no H 2S04 was used. 
The heated milk was thrown on a filter paper and the whey collected. The 
whey was then heated in an evaporating dish on a water bath until only a 
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comparatively small volume remained, after which plaster of Paris was 
added to the warm concentrated whey. By working in the proper amount 
of plaster of Paris the formation of a firm mass was readily prevented and 
the resulting material could be easily crumbled and handled. The lactic 
acid (together with such materials as fat, etc.) was extracted by putting 
the whey and plaster of Paris combination in a thimble and extracting with 
ether for about 24 hours in an apparatus in which the ether dripped on 
the material in the thimble and then ran to the bottom of a glass container 
from which it was again evaporated. After transferring the ether and dis-
solved materials to a beaker the ether was allowed to evaporate. Water was 
added and then ZnC03 in excess. The mixture was boiled with animal 
charcoal to decolorize, filtered and the insoluble material washed with hot 
water. The filtrate was evaporated down and allowed to crystallize. Every 
effort was made to crystallize the zinc lactate as completely as possible be-
cause of the difference in the solubility of the salts of the active and in-
active acids. The zinc lactates were recrystallized at least once and some-
times twice, dried and finely ground, after which they were allowed to air 
dry to practically constant weight. 
Wet Extraction Method. For the wet extraction 600 c.c. of whey, pre-
pared as outlined above, were extracted in a Kutscher and Steudel ap-
paratus. The more common extraction period was 48 hours but in two 
runs a 72 hour period was used. The ether and dissolved materials were 
then transferred to a beaker, the ether evaporated and the zinc salt made, 
purified, and recovered in the same manner as when the dry extraction 
method was employed. 
The purified zinc lactates were studied in the following manner: 
The percent H 20 of crystallization was determined by heating the air 
dry salts to practically constant weight at 108 to 110°0. With some of 
the preparations a portion was run in the polariscope while with most of 
them the percent ZnO was determined by burning a known weight. 
Results 
Twelve cultures of L. acidophilus were studied as to the isomeric form 
of lactic acid produced in milk; seven of these were isolated by the writers 
and the other five came from five different laboratories, four commercial 
and one research. The data secured on the zinc lactates are given in Table 
I together with the sources of the organisms. 
The percentage of water of crystallization varied from values which 
apparently represent pure active salts (theoretical=l2.88% for active) 
to others indicative of pure or almost pure inactive salts (theoretical= 
18.18% for inactive). Of the five cultures secured from other laboratories, 
only one yielded lactic acid approaching the pure active form while the 
other four gave largely, if not entirely, the inactive acid; the seven isolated 
cultures gave acid that was largely active. The zinc lactates representing 
the acid which was largely active gave a l rotation in all cases so the free 
acid was of the d form. 
From these results it is evident that among the L. acidophilus cultures 
studied the type of lactic acid formed was not uniform but varied from 
pure active to practically pure inactive with various mixtures of these. 
Where there was active acid it was of the d form. 
The percent ZnO in the prepared salts agreed quite well in most in-
stances with the theoretical for zinc lactate ( theoretical=33.46% for the 
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TABLE I 
RESULTS ON ZINC LACTATES PREPARED FROM MILK FERMENTED BY 
L . .ACIDOPHILUS CULTURES 
Q) H 20 of crystallization ... l '~a-p • ""0 I I "3Z 0 Source of culture det. A det. B av. ZnO ti on 
Al I Commercial laboratory 1~85 II 1~96 II 1~905 \ 3~64 1 
I . I I I I very 
A773-;--I __ co-o_m_m_e_rc .... 1a~l-;-la.-b_or_a.,..to_r_y __ -+--,l'""6c-c.8'"""'9,.--;-I ....,1""'7'"'"'.1""'0,.--;-I -:=16.99·5=--71--=3=3.-=7=-4-+-I _sl_ig_h_t _1 
A4 I Commercial laboratory 18.06 I 18.09 I 18.07_5~1_3_3_.9_2~1 __ _ 
A5 I Research laboratory 16.43 I 16.49 I 16.46 I 34.13 I 
A6 I Commercial laboratory 18.15 I I 18.15 I I 
81 I Isolated from infant feces 12.71 I 12.90 I 12.805 I 33.74 I 1 
S5 I Isolated from infant feces 12.88 I 12. 71 I 12. 795 I 33.50 I 1 
S6 I Isolated from infant feces 13.41 I 13.49 I 13.45 I 33.78 I 1 
87 I Isolated from adult feces 13.78 I f3-:-5o I 13.64 I 34.50 I 1 
SSC I Isolated from calf feces 14.04 I 14.10 I 14.07 I 33.78 I 1 
s=1~1,-',-1 ~I~so~l-at~e~d-f.-r-om_r_a_t_f __ e-ce_s __ __,_1~2~.9~5-,'-1~2~.9~9-,'-1~2-.9-7-l'-3· 3.52 I 1 
812*1 Isolated from infant feces 14.34 I 14.28 I 14.31 I 35.49 I 1 
* By wet extraction. 
anhydrous salt) . In some instances the amount of salt available for this 
determination was rather small for highly accurate results. 
With the present uncertainty as to the classification of L. acidophilus 
and the closely related types, the characters of the organisms studied are 
of considerable importance. The characters which at present appear to 
be of the most significance are presented in Table II. The data given show 
that one of the 12 cultures did not produce acid from maltose, although 
L. acidophiltts is said to ferment this sugar. The medium used for testing 
maltose fermentation was medium X of Albus and Holm (1926) with mal-
tose replacing the lactose. All of the cultures grew at a surface tension 
of 40 dynes but only six at 37.4 dynes; for the surface tension trials medium 
X of Albus and Holm was used and sodium ricinoleate was the depressant 
added. Four of the six organisms that failed to grow at the lower surface 
tension where among the five secured from other laboratories. Only four 
of the 12 organisms grew at 45°0. and these were also the only ones which 
failed to grow at from 15-20°C.; they were the same four from other labQr-
atories which failed to grow at the lower surface tension. The total acid-
ities produced in milk by the organisms growing for 7 days at 37°C. varied 
from 1.07 to 2.02%. While the highest acidity was produced by one of 
the organisms of the group of four showing a relationship in characters, 
other organisms of this group produced comparatively low total acidities. 
There was considerable variation in the size of the individual cells with 
the twelve cultures investigated; on a basis of only two groups (large and 
small) six were classed as large and six as small. The four cultures which 
grew at 45°C. but not at 15-20°C. and which did not develop at the lower 
surface tension were all comparatively large. It should be noted that these 
four cultures were the ones which produced largely or entirely inactive 
lactic acid. One of these cultures, however, was the only one of the twelve 
which failed to ferment maltose. 
Culture A3 was one of the first cultures studied that did not produce 
TABLE II 
CHARACTERS OF THE STRAINS OF L . .ACIDOPHILUS STUDIED 
I 
Growth at surface tension of Growth in milk 
.Acidity* in 
I Culture .Acid from I I milk held 7 Comparative no. maltose 40 dynes 37.4 dynes at 15-20°C. at 45°C. days at 37°C. size 
Al + + + + 1.34% small 
A3 + + + 2.02 large 
A4 + + + 1.37 large 
A5 + -+ + 1.59 large 
A6 + + 1.17 large 
Sl + + + + 1.26 small 
S5 + + + 1.35 small 
S6 + + + + 1.07 small 
S7 + + + + 1.45 small 
SSC + + + + 1.85 large 
Sll + + + 1.35 large 
Sl2 + + + + 1.70 small 
* Calculated as lactic acid. 
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largely active acid. The data on this culture were accordingly checked 
and then, since there was the possibility of the culture being impure, it 
was plated out on whey agar, colonies picked into litmus milk, and two of 
the resulting cultures (A3A and A3B) studied as to the type of lactic acid 
produced. The data secured with A3 and the cultures derived from it are 
given in Table III. 
From the results presented it is evident that with culture A3 in both 
trials and with the two cultures secured from it by plating, the type of 
lactic acid produced was quite uniform. The variations in the percent H 20 
of crystallization are surprisingly small when consideration is given to the 
fact that the completeness of crystallization of the zinc lactate influences 
this percentage when there is a mixture of active and inactive acids. The 
percent ZnO in all of the lactates approaches the theoretical very closely. 
It accordingly appears that with this culture, at least, the production of 
considerable inactive acid is a definite character of the organism. 
Table IV compares the data obtained on the zinc lactates prepared by 
the wet extraction method with those prepared by the dry extraction 
method, where equal amounts of whey from the same lot were used for each 
comparison. The results representing the dry extraction method have 
already been given in the preceding tables but are here repeated so that 
the comparisons can more easily be made. There is a general agreement 
in the values obtained on the two preparations of zinc lactate from the 
same whey-at least the agreement is such that either method would ap-
parently give a satisfactory idea of the type of lactic acid produced. The 
largest difference in the moisture contents of the lactates secured by the 
two methods was with culture S6 where the value with the dry method was 
13.45 and with the wet method 15.235%. In the instances where there was 
TABLE III 
RESULTS OF CHECKING THE TYPI!1 OF LACTIC ACID PRODUCED 
BY CULTURE A3 
"' 
Results on zinc lactates 
.... 
I 
"' . H,O of crystallization +> 0 Rota-8z det.A det. B av. ZnO ti on 
! first trial- from table 1 
% % 
% \ 
% ~ very 
A3 16.89 17.10 16.995 33.74 slight 1 
A3 / second trial 15.11 15.62 15.365 I 33.67 I very slight 1 
A3AI secured by replating A3 16.94 17.08 17.01 I 33.67 \ very slight 1 
A3BI secured by replating A3 
very 
17.49 17.69 17.59 33.67 slight 1 
an appreciable difference in the moisture content of the salts obtained by 
the two methods the dry method gave the lower value, which presumably 
means that the acid contained a larger proportion of the active form. The 
duplicate determinations of the H 20 of crystallization agree better with 
the dry extraction preparations than with the wet extraction salts; this 
may be due to the larger amounts of material that were available following 
dry extraction. The ZnO percentages agree reasonably well with the theo-
retical, although an occasional value is rather high. 
Culture No. 
A3A 
A4 
A5 
A6 
86 
87 
SBC 
TABLE IV 
COMPARISON OF DRY AND WET METHODS OF EXTRACTING LACTIC ACID 
with dry extraction 
H,O of crystallization 
det. A 
% 
16.94 
18.06 
16.43 
18.15 
13.41 
13.78 
14.04 
I det. B 
% 
17.08 
18.09 
16.49 
13.49 
13.50 
14.10 
I av. 
% 
17.01 
18.075 
16.46 
18.15 
13.45 
13.64 
14.07 
I ZnO 
% 
33.67 
33.92 
34.13 
33.78 
34.50 
33.78 
I 
Results on zinc lactates 
with wet extraction 
Rota- H,O of crystallization 
I ti on 
very 
slight 1 
1 
1 
1 
det. A 
% 
18.17 
17.75 
18.06 
18.11 
15.44 
13.82 
14.30 
I det. B 
% 
17.91 
18.21 
17.84 
15.03 
14.26 
I av. 
% 
18.04 
17.98 
17.95 
18.11 
15.235 
13.82 
14.28 
ZnO 
% 
35.26 
33.36 
33.36 
33.33 
33.90 
I Rota-ti on 
1 
1 
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Table V gives the weights of the lactates prepared by the two methods 
of extraction from equivalent amounts of whey; a statement of whether 
or not H 2SO, was added to the milk before filtering off the whey is also 
included. The yields given indicate the actual weights of the unheated 
salts that were transferred to dishes on the balance pan and accordingly 
do not include the amounts lost during grinding and general handling; 
stated differently, the figures represent the weights of the lactates available 
for study. In five of the six comparisons the yield was larger with the dry 
extraction method while with the other the wet method gave a somewhat 
higher yield. There seemed to be considerable variation in the difference 
in the yields secured by the two methods, whether figured on an actual 
weight basis or a percentage basis. The length of time of the extraction 
by the wet method may have been a factor since in the instance where the 
wet method gave the higher yield the extraction period was long, but with 
culture A6 a long extraction period was also used with the wet method and 
the yield was unusually poor. Whether or not H 2SO, had been added to 
the milk at the time the whey was secured did not seem to be an important 
factor in determining the yield since both the highest and the lowest yields 
were secured when the acid was used and without acid the yield was com-
TABLE V 
YIELD OF ZINC LACTATES FROM EQUIVALENT AMOUNTS OF WHEY BY 
'rHE TWO METHODS OF EXTRACTION 
a> 
I 
H,so. added Grams of zinc lactate by 
I 
Hours of ... 
::l • 
+> 0 before filter- extraction 8Z ingoff whey dry extraction I wet extraction with wet method 
A4 - 4.3037 2.4142 48 
A5 - 1.7871 1.1655 48 
A6 + 1.1614 .2634 72 86 + 2.3196 .8317 48 S7 + 3.7601 .7961 48 SSC + 4.7479 5.1395 72 
paratively high in one instance. It seems probable that the amount of acid 
produced by the culture is a more important factor here than the use of 
H 2SO, in securing the whey. 
The lower yield with the wet extraction method may explain the differ-
ences in the moisture contents of the lactates prepared by the t:wo methods 
since where there was a considerable portion of the acid left unextracted 
it would seem that the inactive and active acids might not have been re-
moved in proportional amounts. 
Discussion of Results 
The twelve cultures that were studied on the assumption that they 
were L. acidophilus showed variations in a number of characters. ' The 
character of chief concern in this investigation was the isomeric form of 
lactic acid produced and in this the cultures varied from practically pure 
· active to practically pure inactive acid; with the active acids the rotation 
was ·dextro in all cases. There were four cultures which gave inactive or 
largely inactive acid and these had a number of characters which seemed 
to be correlated with this. They all grew at 45°0. and none of them at 
15-20"0., all failed to grow at a low surface tension with the medium em-
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ployed and all were comparatively large; two of the other eight cultures 
resembled them in failing to grow at a low surface tension and two re-
sembled them in size. One of the four cultures did not ferment maltose 
although all the other cultures did. 
The seven cultures which were isolated from the feces of an infant, 
an adult, a calf or a rat and one of the cultures from a commercial labor-
atory were quite constant in the characters studied; all of them produced 
largely or entirely dextro lactic acid, all grew at 15-20°C. but not at 45°C., 
six of the eight grew at a low surface tension with the medium used and 
all fermented maltose. This uniformity in the isolated cultures is interest-
ing because all were isolated from fecal material. 
The general results obtained suggest that the identification of L. acid-
ophilus on the basis or the tests now commonly used is not an easy matter 
and also that there is no uniform understanding as to the characters of 
this organism. There is of course the possibility that the four cultures that 
are rather outstanding in their characters, some of .which are different than 
the characters usually ascribed to L. acidophilus, should not be classed as 
L. acidophilus at all but as one of the closely related organisms, perhaps 
L. bulgaricus. If this is not advisable the organisms studied as L. acid-
ophilus should be divided into two or more types. Which of these steps is 
preferable depends on the results of further studies of the group of or-
ganisms to which L. acidophilus belongs. 
CONCLUSIONS 
1. The isomeric form of lactic acid produced by the twelve cultures of 
so-called Lactobacillus acidophilus varied from practically pure active 
to practically pure inactive acid; with the active acids the rotation was 
dextro in all cases. 
2. Variations were also encountered among the cultures studied in the 
characters which are used in identifying L. acidophilus. 
3. There was a tendency toward a correlation of characters with the pro-
duction in milk of lactic acid that was largely or entirely inactive; 
these included growth at 45°C. but not at 15-20°C., failure to grow at 
a reduced surface tension with the medium employed and a compara-
tively large size. 
4. The results suggest that the organisms studied as L. acidophilus should 
not all be classed together. Some of them should either be grouped with 
one of the closely ·related organisms such as L. bulgaricus or L. acid-
ophilus should be divided into two or possibly even more types. 
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calyptratus, 33, 276, 282. 
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bulgaricus, 419. 
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caps1ilat1is, 141. 
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capsiilatus pneumonicus, 149. 
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cavicida, 131. 
ceylonensis, 182. 
cholerae suis, 155. 
cholerae suum, 155. 
cloacae, 144. 
coli communior, 137. 
coli var. immobilis, 134. 
coli communis, 131. 
col immobilis, 134. 
coli 1Jerus, 131. 
columbensis, 160. 
communior, 137. 
communior var. coscoroba, 139. 
commiinis, 131. 
coscoroba, 139. 
dispar, 181. 
duodenale, 125. 
dysenteriae, 176. 
dysenteriae Flexner type, 178. 
dysenteriae Schmitz, 177. 
enterious, 134. 
enteritidis, 162. 
Escherichii, 131. 
faecalis alcaligenes, 184. 
flexneri, 178. 
fluorescens immobilis, 134. 
Friedlander, 149. 
Gaertner, 162. 
gall-inarum, 179. 
giumai, 167. 
guillP-beau C, 141. 
hydrophilits, 151. 
hydrophilus fuscus, 151. 
icteroides, 156. 
jeffersoni, 179. 
kandiensis, 172. 
klebsii, 170. 
lactantium, 141. 
lactis aerogenes, 123, 141. 
lactis 1Jiscosus, 186. 
laterosporus, 380. 
le1Jans, 144. 
lunavensis, 177. 
madampensis, 181. 
melitensis, 185. 
mirabilis, 148. 
Morgan No. 1, 166. 
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neapolitanus, 138. 
of Japanese dysentery, 176. 
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pyogenes foetidus, 173. 
radicicola, 398. 
ranicida, 151. 
rettgerei, 181. 
rhinoscleromae, 125. 
salmoni, 155. 
sanguinarium, 179. 
schafferi, 131, 134. 
schottmulleri, 158. 
shigae, 176. 
suipestifer, 155. 
suis, 155. 
typhi, 170. 
typhi abdominalis, 170. 
typhosi68, 170. 
1Jekanda, 133. 
'!lesfoulosus, 136. 
'!Jiscosus lactis, 186. 
'IJulgaris, 147. 
watereka, 165. 
willegodai, 160. 
woliniae, 164. 
Bacterium, 128, 129. 
aborti'!Jo-equinwm, 163. 
abortwm, 186. 
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aerogenes, 123, 141. 
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infantwm, 148. 
mtestinale suis, 155. 
jeffersoni, 179. 
kandiensis, 172. 
lactis aerogenes, 141. 
le'IJans, 144. 
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morganii, 166. 
neapolitanum, 138. 
oxytocum, 142. 
paradysenteriae, 178. 
paratyphi, 163. 
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paratyphi B, 158. 
paratyphoswm B, 158. 
pfaffii, 180. 
pne11.moniae, 149. 
pnewmoniae-crouposae, 127, 149. 
pne'l.lmonicwm, 149. 
pristnitzw, 171. 
proteus anindologenes, 147. 
pseudocoloides, 137. 
psittacosis, 157. 
pullorum, 165. 
pyogenes, 173. 
pyogenes-foetidwm, 173. 
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rettgerei, 181. 
sang1,inariwm, 179. 
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watereka, 165. 
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woliniae, 164. 
Bakteriwm coli. commune, 131. 
Balkanella, 123, 152. 
coagulans, 123. 
Basisporium, 231, 315. 
gallarum, 35, 315. 
Benzaldehyde as fungicide, 199. 
Bispora pusilla, 339. 
Bisporeae, 232. 
Biverticillium, 285. 
Botrytideae, 230. 
Botrytis, 230, 307. 
cinerea, 35, 307. 
dichotoma, 308. 
epigaea, 308. 
ful'!Ja, 308. 
geophila, 308. 
purpureospadicea, 308. 
terrestris, 35, 307. 
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Brachysporium, 340. 
Brisbane organism, 148. 
Brucella, 123, 183. 
abortus, 123, 186. 
melitensis, 123, 185. 
Bulliardium, 284, 287. 
Bii.tschlia, 350. 
lanceolata, 351, 362. 
neglecta, 351, 362. 
part1a, 351, 362. 
Biischliidae, 350. 
Butylaldehyde as fungicide, 199. 
Callimastix, 349. 
frontaU.s, 349, 362. 
Caramel as yeast stimulant, 411. 
Cephalosporieae, 229. 
Cephalosporium, 29, 229, 270. 
acremoniwm, 33, 270, 271. 
curtipes, 33, 270, 271. 
humicola, 33, 270, 271. 
koningi, 33, 271. 
Cephalothecilum roseum, 35, 311. 
Cercomonas rhizoidea communis, 347. 
rhizoidea maxima, 347. 
rhizoidea minima, 347. 
Chaetocladiaceae, 32, 227, 256. 
Chaetomella, 229, 267. 
horrida, 28, 29, 33, 267. 
tortilis, 33. 
Chaetomiaceae, 33, 228, 261. 
Chaetomium, 228, 261. 
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indicum, 261, 262. 
olivaceum, 33, 261. 
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Cladosporieae, 232. 
Cladosporium, 232, 320. 
epiphyllum, 35, 320. 
herbarum, 28, 29, 35, 317. 
Cloaca, 124, 140. 
cloacae, 124, 144. 
tevans, 124, 144. 
Coccobacillus foetidus ozenae, 166. 
Coccospora agricola, 35, 339. 
Collectotrichum, 340. 
Colon-typhoid group, 121. 
Coniothyriwm, 229, 266. 
fuckelii, 33, 266. 
terricola, 226, 267. 
Corethropsis, 33. 
paradoxa, 339. 
Corticium vagum, 339. 
Crown gall, 67. 
Cunninghamella, 227, 256. 
elegans, 32, 256. 
t1erticillata, 256, 340. 
Cymo-Mucor, 239, 241. 
Dasytricha, 350. 
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ruminantium, 350, 360, 362. 
Dematiaceae, 35, 231, 234, 313. 
Dematiwm, 232, 316. 
pullulans, 361, 339. 
scabridum, 226, 317. 
Dicoccum, 232, 319. 
asper·um, 36, 319. 
Dictyosporae, 233. 
Diplodiniwm, 353. 
anisacanthum, 356. 
bicaudatum, 354. 
bursa, 354, 360, 363. 
cattanei, 355. 
caudatum, 354, 355. 
clevelandi, 356, 360, 364. 
dentatum, 356, 360, 364. 
dentatum var. denticulatum, 356. 
denticulatum, 356, 360, 364. 
eberleini, 355, 364. 
ecaudatum, 356, 363. 
ecaudatum forma bicaudatum, 
355, 360, 363. 
ecaudatum forma cattanei, 
355, 360, 363. 
ecaudatum forma caudatum, 
354, 360, 363. 
ecaudatum forma ecaudatum, 
354, 360, 363. 
ecaudatum forma quadricaudatum, 
355, 363. 
ecaudatum forma tricaudatum, 
355, 360, 363. 
fiorentinii, 356. 
helseri, 357, 360, 363. 
magii, 353, 360, 363. 
mammosiim, 356. 
mediwm, 354, 360, 363. 
minimiim, 356, 364. 
rostratum, 354. 
vortex, 358. 
Discolor, 330. 
Dysenteroides, 124, 168. 
bentotensis, 174. 
metadysentericus, 124. 
Eberthella, 168, 174. 
alkalescens, 179. 
ambigi1a, 177. 
belfastiensis, 173. 
bentortensis, 174. 
dispar, 181. 
dysenteriae, 176. 
enterica, 134. 
· jeffersonU., 179. 
kandiensis, 172. 
lewisii, 172. 
paradysenteriae, 178. 
pfaffii, 180. 
pritnitzii, 171. 
pyogenes, 173. 
rettgeri, 181. 
sanguinaria, 179. 
talavensis, 172. 
typhi, 170. 
typhosa, 170. 
wilsonii, 17 4. 
Eberthus, 124, 168. 
kandiensis, 172. 
pristnitzii, 171. 
tala1!ensis, 172. 
typh081/,S, 124, 170. 
Elegans, 328, 331. 
Encapsulata, 125. 
aerogenes, 141. 
Encapsulatus, 124, 140, 145. 
a1,'idi lactici, 124, 135. 
capsulatus, 141. 
lactis aerogenes, 124, 141. 
pnewmoniae, 124. 
Endamoeba, 346. 
bo1!i8, 346, 362. 
Endamoebidae, 346. 
Enteroides, 126. 
entericus, 126. 
para-entericus, 137. 
1!ekanda, 133. 
Entodinium, 351. 
bicarinatum, 352, 360, 363. 
bursa, 351, 360, 362. 
caudatmn, 352, 360, 363. 
dentatwm, 353, 363. 
/urea, 352, 360, 363. 
minimum, 352, 360, 362. 
rostratum, 352, 363. 
Epicoccum, 340. 
Erwinia, 125. 
amylo1!ora, 126. 
Escherichia, 129, 130. 
acidi lactici, 135. 
anata, 159. 
astheniae, 140. 
ca1!icida, 131. 
coli, 131. 
comm1vr.ior, 137. 
coscoroba, 139. 
enterica, 134. 
foetida, 166. 
griinthp,lii, 133. 
metacoli, 137. 
neapolitana, 138. 
oxytocus perniciosus, 142. 
paragriinthali, 134. 
pseudocoli, 13 7. 
pseudo-coloides, 137. 
pseudo-colifonnis, 137. 
pseudo-coscoroba, 139. 
schaefferi, 131, l34-
1!ekanda, l33-
1!esiculosa, 136. 
Eupenicillium, 284, 287. 
Eupionnotes, 329, 334. 
Eutrichomastix, 348. 
rwminantiwm, 348, 362. 
Ferruginosum, 335. 
Flexncrella, 127. 
Formaldehyde as fungicide, 199. 
Fungi Imperfecti, 33, 228, 265. 
Fungicide, Furfural as, 199. 
Furfural as fungicide, 199_ 
Fusariwm, 29, 234, 328. 
acwminatwm, 36, 331, 337. 
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affine, 36, 327. 
angustum, 36, 328, 331. 
argtllaceum, 330, 334. 
arid1im, 36, 331, 338. 
a1!enace1~, 331, 338. 
blasticola, 329, 332 . 
bullatum, 36, 330, 335. 
ca11dat1~, 36, 330, 334. 
culmorwm, 36, 330, 337. 
cuneiforme, 334. 
dimernm, 36, 329, 334. 
discolor, 36, 336. 
discolor var. sulplmreum, 336. 
elegant1~, 36, 329, 331. 
graminum, 331, 338. 
idahoanwm, 36, 329, 332. 
lanceolatwm, 36, 330, 335. 
lini, 36, 329, 333. 
martii, 333. 
metacrowm, 337. 
nigrum, 36, 330, 337. 
ni1lewm, 329, 333. 
orthoceras, 36, 328, 331. 
oxyspornm, 36, 329, 331, 332, 333. 
radicicola, 36, 329, 333. 
rubiginos1im, 36, 337. 
sambucinum, 330, 336. 
sanguinewm, 36, 330, 335. 
sclerotioides var. bre1Jis, 332. 
solani, 36, 329, 333. 
s1ibpallidum, 36, 330, 336. 
subulatum, 338. 
sulphurewm, 330, 336. 
tricothecioides, 36, 330, 336. 
1idwm, 329, 334. 
1!entricosum, 334. 
Geotrich1~ candid1~, 339. 
Germicidal efficiency, sodium 
hydrnxide, 379 
Germicide, sodium hydroxide, 379 
Gibbosum, 330, 334. 
Gliobotrys, 231, 314. 
albo1!iridis, 314. 
Gliocladium, 25, 230, 302, 340. 
atrnm, 227, 302, 305. 
caten1ilat1tm, 226, 302, 303. 
deliqiiescens, 302, 304. 
fimbriat1~, 226, 302, 304. 
penicilloides, 29, 35, 302, 303. 
roseum, 302, 303. 
Gonatobotrytideae, 230. 
Graciloides, 12i, 174. 
albofaciens, 127. 
Hairy root, 67. 
Hansenia apiculata, 339. 
Helminthosporieae, 232. 
H elminthosporiwm, 232, 320. 
anomalum, 226, 321. 
interseminatum, 35, 321. 
s1tbulatum, 35, 321. 
Hormodendrum, 232, 317. 
cladosporioides, 35, 317. 
hordei, 35, 317, 318. 
nigrescens, 317, 318. 
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olivaceum, 317, 318. 
pallidum, 35, 317, 318. 
viride, 317, 318. 
Hyalodidymae, 231. 
Hyalophragmie, 231. 
Hyalopus, 340. 
Hyalosporae, 229. 
Hydrogen ion concentration and 
temperature, 37. 
Hymenula, 233, 327. 
affinis, 327. 
Hypocreales, 228, 265. 
Hypoderma (Hyphodermaf), 340. 
Infusoria, 349. 
Intestinal group, 121. 
Isaria, 29, 340. 
lsotricha, 349. 
intestinalis, 350, 360, 362. 
prostoma, 350, 360, 362. 
Isotrichidae, 349. 
Klebsiella, 127, 145. 
crouposa, 127. 
enteritidis, 162. 
friedlanderi, 149. 
pnewmoniae, 149. 
Lactic acid, from Lactobacillus 
acidophilus, 419. 
Lactobacillus acidophilus, 419. 
bulgaricus, 419. 
casei, 419. 
viscosus, 186. 
Lanlwides, 127, 168, 174. 
ceylonensis B, 182. 
madampensis, 181. 
pyogencs, 127. 
pyogenes foetidus, 173. 
Linked inheritance in tomato, 3. 
Longevity of Pseudomonas 
tumefaciens, 81. 
Lycopersicum esculeutum, 3. 
Macronemcae, 229, 231, 232, 233. 
Macrosporiwm, 233, 325. 
cladosporioides, 325. 
commune, 35, 325. 
Marasmius, 340. 
Martiella, 329, 333. 
Mastigamoeba bovis, 347. 
Mastigophora, 34 7. 
Media for yeasts, 411. 
Melanconium, 340. 
Mesobotrys, 232, 319. 
simplex, 226, 319. 
Metadinfom medium, 354. 
Metallacter ileotyphi, 170. 
M-icrococcus ileotyphi, 170. 
melitensis, 185. 
Micronemeae, 232. 
Mi1cro1co1c1cus typhi abdominalis, 170. 
Monadidae, 347. 
Monas, 347. 
communis, 347, 362. 
Monascus, 340. 
Monilia, 29, 229, 268. 
acremoniwm, 268, 269 . . 
brunnea, 226, 268, 269. 
INDEX 
candida, 16, 34, 270. 
fimicola, 33, 270. 
geophila, 33, 268, 269. 
hwmicola, 33, 268, 270. 
implicata, 226, 268, 269. 
lcooingi, 33, 270. 
sitophila, 33, 268, 269. 
Moniliaceae, 33, 228, 267. 
Moniliales, 33, 228, 267. 
Mono-Mucor, 239, 240. 
Monosporium, 230, 306. 
acuminatwm var. terestre, 35, 306, 307. 
silvaticum, 35, 306, 307. 
Monotospora, 340. 
Monotosporeae, 231. 
Monoverticillium, 286, 295. 
Mortierella, 227, 254. 
humicola, 32, 254, 255. 
isabellina, 32, 254, 255. 
pu.silla, 32, 254, 255. 
subtilissima, 32, 254, 255. 
Mortierellaceae, 32, 227, 254. 
Mucedineae, 233. 
M·ucor, 227, 239. 
abundans, 241, 247. 
adventitius, 32, 240, 243. 
ambigi1ms, 32, 242, 250. 
botryoides, 32, 241, 247. 
christianiensis, 32, 240, 245. 
circinelloides, 31, 241, 248. 
corticolus, 32, 241, 249. 
dimorphosporus, 32, 241, 250. 
dispersus, 32, 240, 246. 
echinulatits, 241, 246. 
flavus, 32, 240, 245. 
genevensis, 32, 241, 246. 
geophilus, 28, 29, 32, 242, 251. 
glomerula, 28, 29, 32, 240, 244. 
griseocyanus, 32, 241, 248. 
heterogamus, 32, 252. 
hiemalis, 31, 240, 243. 
jansseni, 32, 241, 249. 
lamprosporus, 32, 241, 242, 249. 
lausannensis, 240, 244. 
microsporus, 31, 240, 243. 
mints, 240, 242. 
mucedo, 16, 32, 240, 243. 
plumbeiis, 32, 241, 250. 
racemosus, 16, 28, 29, 32, 240, 245. 
rnmannianus, 32, 240, 242. 
rufescens, 240, 242. 
saturninus, 32, 241, 248. 
silvaticus, 32. 
sphaerosporns, 32, 241, 250. 
spinescens, 32, 241, 249. 
stolonifer, 32. 
strictus, 32, 242, 251. 
sylvatieus, 240, 244. 
varians, 241, 247. 
Miicoraceae, 227, 234. 
Mucorales, 226, 234. 
Mycelia sterilia, 36, 234, 339. 
Myceliophthora sulphurea, 35, 339. 
Mycogone, 231, 312. 
nigra, 35, 312. 
Myrothe<JWm, 234, 338. 
roridum, 36, 338. 
N ectriaceae, 228, 265. 
N ematogonium humicola, 35, 311. 
Nematogonum, 230, 311. 
Neonectria, 228, 265. 
ramulariae, 265, 313. 
Neoxabea bipunctata, 59. 
Nicotine dusts, 373. 
Nitrogen 1ixation by bacteria, 395. 
Nitrogen 1ixing bacteria, 395. 
Nitrogen metabolism of nitrogen-
1ixing bacteria, 395. 
Nomogram of generation times, 63. 
Nomogram of velocity coefficients, 63. 
North American Oecanthinae, 59. 
Oecanthus, 59. 
angustipennis, 59. 
argentinus, 59. 
californicus, 59, 60. 
exclamationis, 59. 
latipennis, 60. 
marco.sensis, 59. 
nigricornis, 43. 
nigricornis argentinus, 60. 
nigricornis nigricornis, 60. 
nigricornis quadripunctatus, 60. 
niveus, 59. 
pini, 60. 
quadripunctatus, 43. 
rehnii, 59. 
rileyi, 59. 
Oedocephalum, 340. 
O\dium lactis, 16, 33, 268. 
Oikomonas communis, 347. 
minWria, 34 7. 
Oospora, 229, 267. 
lactis, 33, 268. 
,;ariabilis, 33, 268. 
Oosporeae, 229. 
Ophryoscolecidae, 351. 
Ophryoscolex, 358. 
cattanei, 355. 
caudatus, 358, 360, 363. fasiculus, 355. 
inermis, 358, 360, 363. 
\nermis var. caudatus, 354. 
intermixus, 354. 
purkynjei, 358, 363. 
Orthoptera, 37. 
Overgrowths, 76. 
Oxonium chrysospermum, 36. 
Ozonium corceum, 36, 308. 
Ozonium-Sepedonium, 340. 
Pachybasium, 230, 308. 
humatum, 35, 309. 
Papulaspora pannosa, 35, 339. 
Pasteurella salmoni, 155. 
Penicillium, 24, 230, 282, 284, 300. 
acidoferum, 286, 295. 
albidum, 286, 295. 
atramentosum, 34, 285, 290. 
bicolor, 35. 
biforme, 285, 289. 
bre11icaule, 287, 299. 
INDEX 
candidum, 351 300. 
chrysogenum, 25, 29, 34, 286, 294. 
cinerascens, 287, 297. 
citrinum, 286, 292. 
commune, 25, 29, 34, 285, 290. 
costantini, 287 299. 
crateriforme 226, 286, 293. 
cyclopillvm, 34, 284, 288. 
decumbens, 34, 287, 298. 
desiscens, 34, 300. 
digitatum, 34, 286, 294. 
dwaricatum, 301. 
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duclauxi, 25, 29, 35, 385, 391. 
echinatum, 286, 287, 293. 
expansum, 25, 29, 34, 284, 285, 288. 
frequentans, 34, 286, 296. 
funiculosum, 25, 29, 35, 285, 289. 
geophilum, 34, 300. 
glaber, 34. 
glabrum, 287, 297. 
glaucum, 16, 34. 
guttulosum, 226, 287, 298. 
humicola, 34, 285, 292. 
intricatum, 29, 34, 286, 294. 
italicum, 25, 29, 34, 384, 287. 
Ulaci'll!Um, 19, 25, 29, 34, 287, 298. 
lividum, 34, 286, 296. · 
luteum, 25, 29, 34, 285, 290. 
notatum, 34, 285, 289. 
oxalicum, 34, 286, 292. 
pfefferianum, 287, 296, 297. 
pfefferianus, 34. 
pinophilum, 19, 25, 29, 34, 285, 292. 
purpuroge'll!Um, 19, 25, 29, 34, 285, 291. 
restrictum, 226, 287, 297. 
roqueforti, 29, 34, 285, 290. 
roquefortii, 19, 25. 
.-oseum, 35, 303. 
rubrum, 285, 291. 
rugulosum, 25, 29, 34, 285, 291. 
silvaticum, 34, 300. 
stoloniferum, 284, 288. 
terrestre, 34, 300. 
tiinaceum, 226, 287, 299. 
viridicati1m, 34, 285, 289. 
Periconia, 231, 314. 
byssoides, 36, 315. 
lanata, 226, 315. 
Periconieae, 231. 
Peridinium tabulatum, 347. 
Periola, 340. 
Peronosporales, 227, 257. 
Pestalozzia, 340. 
pH and temperature, 37. 
Phaeostilbeae, 233. 
Phoma, 228, 265. 
humicola, 226, 266. 
Phragmosporeae, 232, 233. 
Phycomycetes, 226, 234. 
Pilaira, 227, 253. 
anomala, 32, 254. 
Pilobolaceae, 32, 227, 253. 
Piromonas, 348. 
communis, 347, 348, 362. 
maxWria, 34 7. 
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minima, 347. 
Pleurage, 228, 263. 
1!erruculosis, 33, 264. 
Pneumobacillus, 149. 
Pneumoniecoccus, 149. 
Polymastigidae, 349. 
Propylaldehyde as fungicide, 199. 
Proteus, 145. 
asiaticus, 150. 
hydrophilus, 151. 
infantum, 148. 
mirabilis, 148. 
pneumoniae, 149. 
proteus 1!ulgaris, 147. 
1!aleriei, 148. 
1!ulgaris, 147. 
zenkeri, 145. 
Protozoan Fauna, 345. 
Pseudomonas tumefaciens, 67. 
Pythiaceae, 228, 257. 
Pythium, 228, 257. 
de baryanum, 32, 258, 260. 
intermedium, 32, 258, 259. 
monospermum, 32, 258. 
proliferum, 32, 258. 
rostratwm, 32, 2!)8, 260. 
1!exan:s, 32, 258, 259. 
Racemo-Mucor, 239, 240. 
llamularia, 231, 312. 
eudidyma, 312. 
macrospora, 312. 
magnusiana, 35, 265, 313. 
Rhapalomyces, 340. 
Rhinotrichum, 340. 
llhizobium leguminosarum, 396 
llhizoctonia, 234, 339. 
solani, 36, 339. 
llhizopus, 227, 237. 
arrhizus, 31, 238. 
nigricans, 28, 29, 31, 238. 
nodosus, 31, 238. 
Roseum, 330, 337. 
Saccharomyces glutinus, 339. 
Saccharomycopsis capsularis, 339. 
Sachsia albicans, 33, 339. 
Salmonella, 152. 
abortivo-equina, 163. 
abortus equi, 163. 
aertryclce, 159. 
anafom, 159. 
archibaldii, 168. 
asiaticus, 150. 
cholerae suis, 155. 
columbensis, 160. 
enteritidis, 162. 
foetida, 166. 
guimai, 167. 
hirschfeldii, 161. 
icteroides, 156. 
macfadyeanii, 168. 
morganii, 166. 
para·aertrycke, 159. 
paratyphi, 163. 
para·typhosus A, 163. 
paratyphosus B, 158. 
INDEX 
psittacosis, 157. 
pullorum, 165. 
schottmulleri, 158. 
suipestifer, 155. 
1!eboda, 160. 
watereka, 165. 
willegodai, 160. 
woliniae, 164. 
Saprolegniaceae, 32. 
Sarcodina, 346. 
Saubinetii, 331, 338. 
Schmitz bacillus, 177. 
Sclerotium, 340. 
Scolecobasidium, 232, 320. 
constrictum, 320. 
terreum, 320. 
Scopulariopsis, 287, 298. 
brevicau.le, 3&, 299. 
communis, 35. 
ccmstantini, 299: 
repens, 35, 299. 
roseum, 35, 340. 
rufulus, 35, 299. 
Sepedonium, 230, 308. 
chrysospermum, 35, 308. 
Shigella, 174. 
alkalescens, 179. 
ambigua, 177. 
ceylonensis, 182. 
dysenteriae, 176, 178. 
equi, 183. 
,qallinarum, 179. 
lunavensis, 177. 
madampensis, 181. 
paradysenteriae, 178. 
pfaffi, 180. 
rettgeri, 181. 
sonnei, 182. 
Sodium hydroxide as germicide, 379. 
Soil fungi, 15. 
Sordaria, 340. 
Sordariaceae, 33, 228, 263. 
Sphaeriales, 33, 228, 261. 
Sphaerioidaceae, 33, 228, 265. 
Sphaeromonas communis, 347. 
maxima, 347. 
minima, 34 7. 
fagi, 33, 339. 
Sphaeropsidales, 33, 228, 265. 
Spicaria, 26, 230, 300. 
decumbens, 35, 302. 
dfoaricata, 300, 301. 
elegans, 301, 302. 
.~il1Jatica, 35, 300, 301. 
simplicissima, 29, 35, 300, 301. 
1!iolacea, 19, 29, 35, 300, 301. 
Spondylocladium, 233, 322. 
australe, 226, 322. 
xylogenum, 322, 340. 
Sporormia, 228, 264. 
fasciculata, 33, 264. 
SporQtrichum, 230, 305. 
pruinosum, 226, 305, 306. 
pul1Jiniforme, 306. 
roseum, 305, 306. 
Stachybotrys, 231, 313. 
alternans, 313. 
atra, 36, 313. 
cylindrospora, 36, 313, 314. 
lobulata, 28, 29, 36, 313, 314. 
Stemphylium, 233, 324. 
botryosum, 36, 324. 
paxianum, 36, 323. 
pi.riforme, 36, 324. 
1!erruculosum, 36, 324. 
Stilbaceae, 36, 233, 326. 
Stysanus, 233, 326. 
stemonites, 36, 326. 
Synsporium, 231, 315. 
biguttatum, 36, 315. 
Taxonomy of soil fungi, 16. 
Temperature and pH, 37. 
Temperature, effect on germicidal 
efficiency, 379. 
Tetracoccosporiwm, 233, 323. 
paxianum, 323. 
Tetramitidae, 348. 
Thamnidiaceae, 32, 227, 253. 
Thamnidium, 227, 253. 
elegans, 32, 253. 
Thermobacteriwm bulgaricum, 420 
Thielavia, 340. 
Tilachlidium, 233, 327. 
humicola, 36, 327. 
Tomato, inheritance in, 3. 
Torula lucifuga, 35, 339. 
Trichocladi111m asperum, 319. 
Trichoderma, 26, 27, 229, 271. 
album, 33, 271, 272. 
flavus, 340. 
glaucum, 19, 27, 29, 33, 272, 340. 
koningi, 19, 28, 29, 33, 272. 
lignorwm, 19, 28, 29, 33, 272. 
INDEX 
nigro1!irens, 33. 
asperum, 36. 
Trichomastix, 348. 
Trichomonas, 348. 
communis, 362. 
ruminantium, 348. 
Trichothecium, 231, 311. 
roseum, 35, 311. 
Tuberculariaceae, 36, 233, 327. 
Vahlkampfia, 346. 
lobospinosa, 346, 362. 
Valerie, 21, 148. 
Velocity of coefficients of growth 
and death rates, 63. 
Ventricosum, 329, 334. 
Verticillieae, 230. 
Verticillium, 230, 309. 
alboatrum, 309, 310. 
chlamydosporium, 35, 310. 
glaucum, 35, 309. 
terrcstre, 28, 29, 35, 309. 
Vibrio typhosus, 170. 
Volutella, 233, 327. 
piriformis, 226, 327. 
Water conduction in normal young 
apple trees, 88. 
W esenbergus, 128, 145, 152. 
giumai, 16'!. 
wesenbergii, 128. 
Willia anomala, 339. 
saturnus, 339. 
Yeast growth stimulant, 411. 
Zygodesmus, 340. 
Zygorhynchus, 227, 251. 
heterogamus, 252. 
moelleri, 32, 252. 
1!Uilleminii, 28, 29, 32, 252. 
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